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PREFACE 

It  is  almost  a  truism  to  say  that  science  is  the  fomidation 
of  modem  civilization,  yet,  curiously  enough,  educators  have 
largely  postponed  the  study  of  science  to  the  later  years  of  the 
school  course.  This  is  especially  true  of  the  fundamental 
sciences:  Physics  and  Chemistry.  As  a  result,  few  of  the 
young  people  who  go  to  school  ever  study  the  physical  sciences 
at  all  and  these  few  only  at  the  end  of  their  student  careers. 

To  say  that  most  students  have  not  studied  science  is  not, 
of  course,  to  say  that  they  have  not  had  any  practical  experi- 
ence with  the  fdds  of  science.  Merely  to  state  such  a  proposi- 
tion is  to  disprove  it.  From  their  earliest  years  children  are 
obliged  to  adapt  themselves*  to  conditions  caused  by  gravita- 
tion, inertia,  heat,  air  pressure,  convection,  and  the  like ;  they 
soon  learn  to  use  all  sorts  of  mechanical  and  electrical  devices : 
but  they  experience  these  phenomena  and  use  these  devices 
empirically,  without  the  clarifying  influence  of  scientific  ex- 
planation and  without  the  inspiration  and  enlargement  of  vision 
that  would  come  from  the  scientific  way  of  looking  at  them. 

With  so  little  opportunity  for  science  in  school,  is  it  any 
wonder  that  the  child  comes  to  feel  that  he  must  pursue  the 
quest  of  the  great  natural  "whys"  of  his  life  outside  of  the 
school,  or  that  he  must  not  have  so  many  troublesome  ques- 
tions surging  through  his  mind?  A  host  of  school  children, 
it  is  to  be  feared,  find  the  latter  way  the  easier  and  drop  out 
of  the  ranks  of  those  who  wonder.  Then,  all  too  late,  educa- 
tors realize  that  they  cannot  get  such  children  interested  in 
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science.  It  is  well  known  that  nonnal  children,  if  given  the 
opportunity  to  seek  scientific  answers  to  their  problems  at  an 
early  age,  do  not  need  to  be  "interested"  in  science ;  they  have 
the  interest  as  a  native  endowment.  A  child's  natural  eager- 
ness to  understand  the  phenomena  he  meets  in  life  is  so  great 
that  it  is  scarcely  true  that  he  needs  to  be  taught  science; 
it  is  more  nearly  true  that  he  needs  an  opportunity  to  learn 
science  and  to  put  it  to  use.  Science  teaching,  moreover, 
does  not  consist  in  getting  a  pupil  to  answer  the  teacher's 
questions,  nor  yet  in  getting  the  teacher  to  answer  the  pupil's 
questions,  but  in  training  pupils  to  ask  and  to  answer  their 
own  questions.  Upon  the  ability  to  see  quickly  what  is  taking 
place,  to  imderstand  the  reason  for  it,  and  to  know  how  to  deal 
with  it,  not  only  the  progress  of  the  individual,  but  also  the 
life  of  the  nation  depends.  Science,  which  demands  observa- 
tion and  reasoning,  therefore  yields  to  no  branch  of  knowledge 
the  position  of  first  importance  in  our  modem  life ;  it  should 
have  a  similar  place  in  our  educational  system.  It  is  not  an 
elective  appendix  to  the  course  of  study,  but  the  sine  qua  non 
of  an  efficient  curriculum.  The  proper  pursuit  of  science  will 
give  the  child  the  opportunity  not  only  to  know  the  world  of 
which  he  is  a  part,  but  to  know  also  his  relation  and  responsi- 
biUty  to  that  world.  Right  knowledge  is  the  only  sure  founda- 
tion for  right  action. 

It  is  to  meet  the  science  needs  of  the  students  and  teachers 
of  the  Junior  High  School  and  of  the  corresponding  grades 
elsewhere  that  Junior  Science  is  written.  Nature  Study  may 
be  pursued  in  the  earlier  grades,  but  grades  seven  to  nine,  in- 
clusive, are  ideal  for  the  beginning  of  a  definite  study  of  science. 
In  the  writing  of  the  text  the  age  of  the  pupils  of  these  grades 
and  their  degree  of  attainment  have  been  kept  constantly  in 
mind.  This  statement  applies  both  to  the  quantity  of  material 
selected  and  to  its  kind.    The  style  of  the  book  is  simple. 
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The  section  titles  are  nearly  all  queries;  many  questions, are 
also  asked  throughout  the  text,  as  well  as  in  the  exercises  at 
the  end  of  the  chapters,  in  order  that  the  student  may  be  kept 
open-minded  and  alert.  The  author  is  confident  that,  by  using 
the  desire  of  boys  and  giris  to  know  the  reasons  for  many  things 
they  are  now  doing,  the  teacher  can  arouse  them  to  know  the 
"why"  and  the  "how"  of  the  duties  that  await  them  here- 
after. 

The  text  consists  of  two  divisions :  Books  I  and  II.  Book  I 
contains  four  Parts,  distributed  into  twenty-two  chapters :  — 

Part     I:  Introduction. 

Part   II :  The  Atmosphere  and  Its  Relation  to  Man. 
Part  III :  Matter  and  Energy  in  Earth  and  Sky. 
Part  IV :  Science  in  the  Household. 

Book  II  consists  of  three  Parts :  — 

Part     V :  How  We  Use  Nature's  Forces. 

Part   VI :  Living  Things  and  Their  Relation  to  Us. 

Part  VII :  Our  Bodies  and  How  to  Care  for  Them. 

In  the  preparation  of  this  textbook  the  writer  has  been  greatly 
assisted  by  his  wife,  Maud  C.  Hessler.  He  is  also  much  in- 
debted to  his  daughter,  Miss  Margaret  C.  Hessler,  of  the  Uni- 
versity of  Texas,  and  to  Mrs.  Margaret  Honeywell  Miller, 
recently  of  the  Harlem  Hospital,  New  York  City,  for  the  prep- 
aration of  necessary  material.  Most  of  the  drawings  for  the 
illustrations  were  made  by  Professor  Robert  W.  Lahr,  of  the 
James  Millikin  University,  and  by  Mrs.  Lahr.  Several  were 
made  by  Mr.  W.  F.  Henderson,  Fellow  in  The  Mellon  Institute. 
Photographs  for  the  half  tones  were  obtained  from  the  Mcin- 
tosh Stereopticon  Company,  Chicago,  the  International  Stere- 
ograph Company,  Decatur,  111.,  the  Old  Colony  Insurance 
Company,  the  Judd  Laimdry  Machine  Company,  Professor 
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INTRODUCTION 


JUNIOR  SCIENCE 

CHAPTER  I 

BEGINNINGS  OF  SCIENCE 

1.  Some  Questions  to  Think  About.  —  Did  you  ever 
wonder  why  water  runs  down  hill  and  not  upward?  Or 
why  a  kite  flies,  why  trees  shed  their  leaves,  why  plants 
produce  seeds,  why  dew  is  formed,  why  milk  sours,  why 
yeast  raises  bread,  why  the  moon  grows  and  wanes,  why 
the  sun  gives  off  heat?  Did  you  ever  wonder  what  fire, 
sound,  Ught,  and  electricity  are,  why  we  have  eclipses  of 
the  sun  and  the  moon,  what  lightning  is,  how  soil  is  formed, 
why  grass  is  green,  how  we  are  nourished  by  our  food  ? 

There  seems  to  be  no  end  to  the  questions  you  can  ask 
yourself  regarding  the  objects  you  see  and  what  happens 
to  them.  So  far  as  we  know,  men  have  always  wondered 
about  the  earth  and  the  sky ;  they  seem  always  to  have 
tried  to  find  the  re^n  for  the  m^y  things  that  happen 
in  this  world  of  ours.  To  be  sure,  the  answers  they  first 
gave  would  probably  sound  very  foolish  to  us,  but  grad- 
ually men  were  able  to  give  well-thought-out  and  com- 
mon-sense answers  to  questions  regarding  nature ;  their 
answers  are  what  we  study  in  Science. 
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2.  Old  and  New  Answers.  —  You  have  probably 
read  about  some  of  the  strange  ideas  of  men  of  past 
times.  If  you  had  asked,  a  few  centuries  ago,  what 
causes  an  eclipse  of  the  sun,  you  might  have  been  told 
that  a  great  beast  or  spirit  moves  across  the  sky  and 
blots  out  the  sun ;  afterwards  men  saw  that  an  ecUpse  of 
the  sun  never  occurs  except  at  the  time  of  "  new  moon," 
that  is,  when  the  moon  is  between  the  sun  and  the 
earth  (cf .  §  92) .  So  they  decided  that  it  is  the  moon, 
not  a  beast  or  spirit,  that  sometimes  comes  exactly 
between  us  and  the  sun. 

We  have  all  read  how  men  made  fun  of  Columbus  because  he  be- 
lieved that  the  earth  is  a  sphere;  the  people  of  his  day  felt  certain 
that  if  the  earth  were  round,  the  people  on  the  other  side  of  it  must 
be  standing  heads  down.  Since  the  days  of  Columbus  we  have  be- 
come used  to  the  idea  that  we  are  living  on  a  great,  round  ball ;  we 
see  that  "  down  "  means  toward  the  earth's  center,  while  "  up  "  means 
away  from  it;  we  are  not  afraid  that  we  may  become  dizzy  from 
standing  topsy  turvy,  nor  that  the  earth  will  in  some  way  lose  its  grip 
upon  us  and  let  us  drop  off  into  space. 

Franklin  helped  us  to  understand  another  mystery  of  nature :  the 
lightning.  No  doubt  many  people  thought  him  foolish,  on  that  June 
day  in  1752,  to  send  up  a  kite  (Fig.  1)  when  a  thunderstorm  was 
coming  on.  But  men  since  that  time  have  honored  Franklin,  because 
his  experiment  showed  that  lightning  is  only  a  great  electric  spark. 
So  we  might  go  on  with  stories  of  how  common-sense  ideas  of  nature 
grew  up  among  men. 

3.  What  is  Science  ?  —  Columbus  and  Franklin  and 
other  great  discoverers  and  inventors  were  able  to  do 
big  things  for  the  world  because  they  learned  early  to 
notice  common  things  and  to  think  clearly  about  them. 
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If  we  wish  really  to  know  ourselves,  our  homes,  our 
world,  we  must  do  the  same.  To  learn  ^science  we,  too, 
must  observe  the  objects  about  us  and  the  changes  that 
take  place  in  them.    We  must  see  them  not  only  with 


Fig.  1.  —  Franklin  raising  his  kite. 

sharp  eyes,  but  with  minds  sharpened  to  question  why 
and  to  work  out  a  sensible  answer.  We  call  a  change  in 
an  object,  such  as  a  fire,  an  eclipse,  or  the  falling  of  a 
stone,  a  phenomenon ;  the  plural  is  phenomena. 

Think  of  all  we  could  learn  if  we  would  keep  our  eyes 
open  at  home  and  on  our  way  to  and  from  school !  We 
do  not  even  need  to  go  into  the  country  to  learn  about 
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trees,  shrubs,  and  weeds,  about  insects,  birds,  rocks, 
clouds,  and  the  wind,  or  how  the  ground  is  washed  by 
the  rain.  Suppose  we  really  '^  look  into  ''  the  kitchen 
and  find  out  what  materials  and  tools  are  used  in  cook- 
ing, baking,  and  cleaning,  and  why  each  is  used;  what 
^' tin  "  dishes  are  made  of;  how  such  things  as  can- 
openers,  egg-beaters,  gas  stoves,  faucets,  and  sink  traps 
*'  work."  Suppose  we  watch  the  washing  and  ironing 
of  clothes  and  find  out  what  materials  are  used  and 
why ;  how  the  washing  of  woolen  goods  differs  from  that 
of  cotton ;  why  bluing  is  used ;  why  tubs,  if  of  metal,  are 
of  galvanized  iron,  while  clothes  boilers  are  of  tinned 
copper  and  washboards  of  zinc ;  why  clothes  dry  so  rapidly 
on  one  day  and  so  slowly  on  another  day. 

There  is  ever  so  much  more  that  we  can  find  out  in  our  homes,  but 
let  home  be  only  the  beginning  of  our  field  of  study.  Let  us  find  some 
way  of  watching  a  painter  at  his  work  and  try  to  leam  what  paint  is 
made  of  and  what  each  part  of  it  is  for.  We  can  also  make  it  a  point 
to  see  the  mason,  the  cement  worker,  the  electrician,  the  carpenter, 
the  pliunber,  the  blacksmith,  the  farmer,  and  the  gardener  at  their 
work,  and  can  let  each  of  these  be  our  teacher.  We  shall  find  that 
every  workman  knows  a  great  deal  about  his  art,  or  trade;  after  a 
while  we  may  be  able  to  leam  the  scientific  reasons,  that  is,  the  real, 
common-sense  reasons,  for  what  he  does. 

4.  What  is  an  Experiment  ?  —  You  have  already  seen 
how  much  we  can  leam  if  we  observe  common  objects 
and  phenomena  closely  and  think  clearly  about  them. 
In  science  we  also  study  by  experiment,  that  is,  we  put 
substances,  or  plants,  or  animals,  under  certain  special 
conditions,  so  as  to  find  out  what  happens  to  them. 
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Thus,  we  put  a  geranium  in  a  dark  room,  so  as  to  leam 
how  it  will  grow  without  light;  or  we  feed  different 
kinds  of  food  to  a  pig,  in  order  to  find  out  which  will 
fatten  it  the  most  rapidly ;  or  we  put  some  sugar  into  a 
dish  and  heat  it,  to  leam  how  hot  it  is  when  it  chars; 
or  we  see  how  much  we  can  stretch  a  brass  wire  before  it 
breaks ;  or  we  pass  light  through  a  piece  of  thick  glass, 
to  find  out  how  the  light  will  be  changed.  The  ex- 
periments with  the  geranium,  the  pig,  the  sugar,  the 
brass  wire,  and  the  light  are  really  questions  put  to 
nature.  The  result  of  the  experiment  is  the  answer 
nature  gives  us.  Our  business  is  to  understand  the 
answer  correctly. 

6.  Why  Study  Science  ?  —  Science  is  the  foundation 
of  our  modem  life,  of  its  manufacturing  industries,  its 
agriculture,  its  steamship,  railroad,  and  electric  Unes,  of 
its  telephone,  telegraph,  and  wireless  service.  To  science 
the  farm  owes  its  modem  machinery,  its  better  and  larger 
crops  of  grain,  its  fine  stock  and  poultry,  its  more  abun- 
dant fruit ;  to  science  the  up-to-date  city  house  and  school 
building  owe  their  cleanliness,  Ught,  fresh  air,  and  con- 
veniences. We  should  study  science,  then,  not  merely 
to  "  observe  phenomena,"  but  to  understand  the  ways 
of  the  conununity  in  which  we  Uve. 

We  may  think  that  the  comforts  we  now  enjoy  have 
always  been  here;  our  great-grandparents,  if  they  were 
living,  could  tell  a  different  story.  They  would  tell  of  a 
time  when  such  common  things  as  glass  and  soap  were 
expensive  and  not  easy  to  get,  when  houses  had  no 
running  water,  when  it  was  hard  to  provide  heat  and 
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light,  when  cloth  was  woven  at  home,  and  when  food 
canned  in  "  tin  "  was  unknown. 

A  little  further  back  in  time,  even  the  wealthy  could  not 
have  the  commonest  of  modem  comforts.     Their  houses 
were  full  of  drafts  and  were  dark  and  dirty ;  news  came 
slowly ;  books  were  scarce  and  expensive ;  traveling  was 
hard  and  dangerous.     The  farming  of  those  days  was  very 
difficult,  for  farm  tools 
were  crude  and  farm 
machinery    was    un- 
known(Fig.2).  When 
we  compare  this  con- 
dition of  things  with 
our  modem  ways,  with 
the  rapid  transporta- 
tion of  people,  freight, 
and  news,  with  cheap 
books  and  free  libra- 
ries, with  the  care  of 
pubhc    health,    with 
(ciwMrt<.jii<™afcmflis<«wpfl,i,Ci.j    scientific    agriculture, 

Fio.  2.  —  How  an  Egyptian  does  his  plowing.  ,  .  ,  , 

we  get  some  idea  of 
what  science  means  to  the  world. 

But  all  this  study  of  science  will  mean  little  to  us 
unless  we  apply  it  to  ourselves  and  to  our  way  of  living. 
We  must  also  leam  about  these  bodies  of  ours,  so  that 
we  may  know  what  things  will  bring  us  health  and  power 
and  what  will  make  us  weak  and  useless.  No  amount  of 
knowledge  will  help  us  much,  if  we  do  not  have  proper 
food  and  clothing,  vigorous  exercise,  abundant  sleep, 
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and  strong  habits  of  cleanliness  and  good  conduct. 
Science  shows  us,  as  nothing  else  can,  how  to  have  "  a 
sound  mind  in  a  sound  body  ' ;  we  should  study  it  to 
learn  how  to  live  long  and  useful  lives. 

6.  What  We  Have  Learned.  —  Science  begins  with  common-senjse 
answers  to  questions  regarding  nature. 

Nature  includes  objects  and  phenomena. 

Phenomena  are  changes,  or  happenings,  in  objects. 

The  objects  and  phenomena  we  study  are:  (1)  those  of  nature; 
(2)  those  of  home  industries  and  the  common  occupations ;  (3)  those 
of  experiments. 

To  experiment  is  to  question  nature  with  a  purpose. 

7.  Exercises.—  1.  What  are  the  proofs  that  the  earth  is  round, 
and  not  flat?    Who  first  sailed  around  it? 

2.  What  is  the  diameter  of  the  earth?  Of  the  moon?  How  far 
is  the  moon  from  the  earth?     (Consult  Chapter  XI.) 

3.  Make  a  list  of  some  of  the  great  inventions,  with  their  dates 
and  the  names  of  the  inventors. 

4.  Name  some  of  the  important  scientific  discoveries  of  the  last 
century. 

5.  Make  a  list  of  the  tools  and  apparatus  used  in  your  kitchen, 
for  cooking,  baking,  and  cleaning. 

6.  Make  a  list  of  the  different  substances  used  in  your  kitchen  and 
laundry. 

7.  Give  the  names  and  uses  of  the  most  important  tools  and 
machines  used  by  carpenters ;  by  gardeners ;  by  up-to-date  farmers. 

8.  Make  a  list  of  the  different  kinds  of  materials  used  in  the  build- 
ing of  a  house. 

9.  Name  the  different  methods  used  for  carrying  (and  lifting) 
passengers  and  for  sending  freight  and  news. 


PART   II 

THE   ATMOSPHERE   AND  ITS  RELATION 

TO   MAN 


CHAPTER  II 
AIR 

8.  What  is  Air  Like  ?  —  One  of  the  hard  things  for 
man  to  understand  was  the  air.  It  fanned  his  cheek, 
turned  his  windmills,  and  drove  his  ships,  but  he  could 
not  find  out  much  about  it  until  a  Uttle  over  a  hundred 
years  ago.  We  can  see  why  this  was  true.  Air  is  in- 
visible to  us,  except  when  we  see  its  quivering  motion 
over  a  hot  stove  or  on  a  hot  day  in  summer.  What  man 
could  not  see,  he  found  it  hard  to  handle  and  to  under- 
stand. Thus,  when  he  used  up  some  of  the  air,  he  did 
not  know  that  he  had  done  so,  because  more  air  rushed 
in  from  all  sides  to  fill  the  empty  space.  Observe  how 
the  surroimding  water  rushes  in  when  we  dip  some  of  it 
out  of  a  tub  or  pail ;  air  would  rush  in  in  the  same  way. 
When  men  grew  used  to  this  idea,  they  did  not  try  to 
study  all  the  air  at  once,  but  they  took  vessels  of  air, 
such  as  tanks  or  bottles,  stoppered  them  in  some  way, 
and  then  studied  this  enclosed  portion  of  air  by  itself. 
In  this  way  they  learned  a  great  deal  more  about  the  air. 

9.  Does  Air  Take  Up  Room  ?  —  Have  you  ever  thought, 
as  you  filled  a  glass  with  water  from  a  pitcher  or  faucet, 
whether  anything  was  flowing  out  of  the  glass  while  the 
water  flowed  in?  Have  you  ever  poured  water  out  of  a 
small-mouth  bottle?    Try  it  and  see  whether  anything 
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happens  which  shows  that  something  goes  into  the  bottle 

as  water  flows  out. 

Suppose  we  push  a  glass,  held  upside  down,  into  a 
— —      deep  dish  of  water ;   does  the  water  rise  up 
to  fill  the  glass?    Why? 

Let  us  perform  the  following  ezperiment  {Fig.  3) : 
Put  a  funnel  stem  loosely  Into  a  Bmall-mouth  bottle, 
such  as  a  ketchup  or  vinegar  bottle,  and  quickly  fill 
the  funnel  with  water.  Does  the  water  run  in  as  a 
stream,  or  by  spurts?  Now  fit  the  funnel  stem  tightly 
into  the  mouth  of  the  bottle.  You  can  use  a  one-hole 
stopper  tor  this  purpose,  or  you  can  wind  around  the 
stem  a  strip  of  wet  muslin,  about  an  inch  wide,  until 
__       ^ "  the  joint  is  tight.     Finally,  fill  the  funnel  rapidly  with 

bottle    in    a   water.    How  does  the  water  run  in  now?    Why? 

*'' rt^?  "'  ^^       ^'^  ^"^  another  ejq>eriment  (Fig.  4) : 

Fill  a  bottle  with  water  and  close  the  mouth  of  the 

bottle  tightly  with  your  hand ;  then  turn  the  bottle  upside  down  in  a 

pan  of  water.    If  the  mouth  of 

the  bottle  is  under  "water,  you 

can  remove  your  hand  without 

the   water  falling  out.    If  you 

then  blow   air    into  the    bottle 

through  a  bent    tube,  you   can 

collect  the  air  in  the  bottle ;  for 

as  the  air  bubbles  rise  into  the 

bottle,  they  push  the  water  out. 

In  this  way  we  can  collect  a  gas 

"  over  water." 

Fia.  4.  —  Collecting    the    air   of    your 
—,  ,  .  .  breath  "over  water." 

From  these  expenments 
we  can  see  that  air  takes  up  room,  or  occupies  space, 
just  as  water  does.     If  we  want  to  pour  water  into  a 
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vessel,  we  must  give  the  air  a  way  of  getting  out ;  if  we 
want  to  pour  the  water  out  of  a  vessel,  we  must  let  the 
air  go  in  to  take  its  place: 

10.  Does  Air  Have  Weight  ?  —  When  we  have  grown 
used  to  the  idea  that  air  fills  vessels  that  we  think  of  as 
•'  empty,''  we  are  ready  to  beUeve  that  air  has  weight. 
How  can  we  find  out  if  this  is 
true? 

If  we  wish  to  get  the  weight 
of  a  cupful  of  water  (Fig.  5), 
we  first  weigh  the  *'  empty '' 
cup ;  then  we  fill  the  cup  with 
water  and  get  the  weight  of  the 
cup  and  water  together.  By 
subtracting  the  weight  of  the  cup  from  the  weight  of  the 
cup  and  water,  we  get  the  weight  of  the  water  alone. 
We  write  down  the  results  in  this  way : 


Fig.  5.  —  Scales  for  laboratory 
weighing.     . 


Weight  of  cup  and  water = . 

Weight  of  cup  alone  = . 

Weight  of  water  alone  = . 


.  ounces. 
.  ounces. 


.  ounces. 


You  may  have  seen  this  method  used  when  you  have 
bought  butter  in  a  crock  or  honey  in  a  pail.  The  weight 
of  the  butter  or  honey  alone  is  spoken  of  as  the/*  net " 
weight,  while  the  weight  of  the  material  and  the  con- 
tainer together  is  the  "  gross  ''  weight. 

When  we  weigh  an  ''  empty ''  cup,  crock,  or  pail,  we 
make  no  account  of  the  air  which  it  contains.  But 
when  we  try  to  find  out  whether  or  not  air  has  weight, 
we  must  first  get  the  weight  of  a  vessel  which  is  really 
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empty,  that  is,  without  even  air  in  it.  One  way  to  do 
this  is  to  attach  the  vessel,  such  as  a  flask  (Fig.  6),  by 
means  of  rubber  tubing,  to  an  air  pump  and  then  to  re- 
move all  the  air  we  possibly  can.  Then,  while  the  flask 
is  still  attached  to  the  air  pump,  we  close  the  stopper  in 
the  glass  tubing.  We  can  now  weigh  the  flask  really 
empty ;  then  we  open  the  stopper,  let  air  enter,  and  weigh 

the  flask  again.    The  flask  and  air  together 
weigh  more  than  the  empty  flask,  so  air  must 

rhave  weight. 
11.   Is  Air  Matter?  —  Since  air  takes  up 
room  and  has  weight,  it  is  a  form  of  matter, 
or  a  substance,  just  as  water  and  sugar  are 
substances. 

One  cubic  foot  of   air   ordinarily   weighs 
about  Ij  ounces;  how  can  we  find  out  how 
Fig.  6.  —    much  the  air  of  your  schoolroom  weighs  ? 

A  flask  from 

which  we  can  Suppose  that  the  room  is  24  feet  long,  20  feet  wide, 
remove  the  ^n^j  jq  feet  high.  The  volume,  in  cubic  feet,  wiU  be 
^'  24X20X10,  or  4800  cubic  feet.     Since  1  cubic  foot  of 

air  weighs  about  1}  ounces,  the  air  of  the  room  must  weigh  about 
4800  Xli,  or  6000  ounces.  To  get  the  weight  in  pounds  we  divide 
6000  ounces  by  16.    So  the  schoolroom  holds  about  375  pounds  of  air. 

Measure  the  Hving-room  of  your  house  and  find  the 
volume  and  weight  of  the  air  it  holds. 

12.  How  Do  Heating  and  Cooling  Affect  Air?  —  Sup- 
pose we  set  an  *'  empty  ''  flask  upside  down  in  a  shallow 
dish  of  water  (Fig.  7)  and  carefully  heat  the  flask  with  a 
burner,  or  pour  hot  water  over  it ;  what  happens  ?  We 
can  also  try  warming  the  flask  by  means  of  our  hands. 
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As  the  air  in  the  flask  is  warmed,  it  e?q)ands,  so  that  its 

volume  is  too  great  for  the  flask,  and  some  of  it  escapes 

through  the  water.     If  we 

pour    cold    water    over    a 

second  flask  of  air,  the  air 

contracts  in  volume.     Since 

the  outside  air  cannot  get 

into  the  flask,  water  is  forced 

up  instead.    Think  of  some 

cases  you  have  seen  in  which 

air  expands  and  contracts.         ^     ^      „  x.    .u    . 

■^  .  Fig.  7.  —  Heating  the  air  expands 

13.     Can     Air     Be      Com-    it,  while  cooUng  makes  it  shrink,  or 

pressed?  — We  saw  m  the   "^''*''''*- 
last  section  that  if  air  is  cooled,   it  shrinks  in  voliune. 

This  is  the  same  as  saying  that  it  occupies 

a  smaller  space.    We  can  also  force  air  to 

occupy  a  smaller  space  if  we  increase  the 

pressure  upon  it.    Thus,  a  popgun  is  a  tube 

having  one  end  closed  by  a  cork  and  the 

other  end  closed  by  a  piston.    As  we  force 

the  piston  into  the  tube,  we  compress  the 

air  inside.    Finally  its  pressure  becomes  great 

enough  to  force  the  cork  out  with  a  '^  pop." 

We  can  see  how  the  pressure  of  water 

compresses  air,  if  we  put  a  glass  of  air,  upside 

down,  under  water.    The  deeper  the  water, 

Flo.    8.  —    the  smaller  the  volume  of  the  air  will  become. 

^  ^  "*com-   We  can  see  this  better  if  we  fasten  a  glass 

pressed  by  the   ^{^X  OX  flask  (Fig.  8)  to  a  rod  of  glass  or  metal 

water  in  the  jar.    and  put  it  iuto  a  deep  vessel  of  water.  . 
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The  apparatus  of  Fig.  9  also  shows  how,  by  increasing  the  pressure, 
we  decrease  the  volume  of  a  gas.    If  we  begin  with  a  certain  volume 

of  air  in  the  closed,  shorter  arm  of  the  bent 
tube,  and  add  portions  of  water  or  mercury 
(quicksilver)  to  the  longer  arm,  the  air  will  be 
forced  into  a  smaller  and  smaller  space.  Mer- 
cury is  used  because  it  is  so  much  heavier  than 
water ;  a  column  of  mercury  1  inch  high  will 
compress  the  air  as  much  as  a  column  of  water 
13.6  inches  high,  because  mercury  is  13.6  times 
M«uiy    as  heavy  as  water. 

14.  For  What  Can  Compressed  Air 
Be  Used  ?  —  Have  you  ever  thought 
of  some  of  the  unportant  uses  man  has 
made  of  compressed  air?  To  pack  air 
into  a  smaller  space  we  commonly  use 
a  compression  pump.  The 
bicycle  and  automobile 
pumps  (Fig.  10)  are  the 
most  common  of  the  compression  pumps ; 
they  are  used  to  crowd  a  great  deal  of  air 
into  the  tire.  The  compressed  air,  as  well 
as  the  rubber  tire,  acts  as  an  elastic  cushion 
and  protects  the  car  from  jolts.  We  can 
also  use  a  bicycle  pump  to  crowd  air  into 
a  basketball  or  football. 

presses  a  great 

How  do  you  suppose  men  lay  the  f  ounda-   deal  of  air  into 
tions  of  bridges  in  the  bottom  of  a  river,  or   ^^^  ^^^^' 
do  other  work  under  water?    We  learned  in  the  last 
section  that  if  a  vessel  of  air  is  pushed,  mouth  down- 
ward, under  water,  the  pressure  of  the  water  compresses 


Fig.  9.  —  The  air  in 
the  closed  arm  of  the 
tube  is  compressed  by 
the  weight  of  the  mer- 
cury in  the  longer  arm. 


To  bicycle 


Fig.  10.  — 
The  bicycle 
pump         com- 
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the  air.  If  we  are  to  keep  the  vessel  entirely  full  of 
air,  we  must  force  a  supply  of  air  into  the  vessel.  This 
is  what  is  done  in  the  diving  bell  (Fig.  11),  in  which 
men  work  under  water.  Compressed  air  is  forced  into 
the  "  bell "  at  such  a  pressure  that  it  keeps  the  water 
from  rushing  in  and  furnishes  fresh  air  for  the  diver. 
The  air  is  kept  flowing,  so  that 
it  bubbles  out  around  the 
edge  of  the  bell. 

A  caisson  is  a  diving  bell  which 
men  use  in  placing  the  foundations  of 
large  buildings,  when  water  rushes 
into  the  escavations  (cf.  J  133). 

You  would  not  think  that  a 
submarine  boat  is  a  device  for  using 
compressed  air,  yet  this  is  so.  It  has 
compartments,  or  spaces,  which  can 

be  filled  with  either  water  or  com-  Fio.  ii.  —  Air  is  kept  aowing 
pressed  air.  When  water  is  allowed  Hi">"8h  the  bell,  so  that  the  work- 
*  ,    ,,        .         .      ,  .,  >ua.n   can   lay   a  foundadoQ  upon 

to  push  the  air  out  of  these  spaces,     the  bottom, 
the  boat  as  a  whole  is  heavier  and 

sinks  under  water ;  when  compressed  air  is  used  to  force  the  water 
out  of  the  spaces,  the  boat  rises  to  the  surface.  The  compressed  air 
apparatus  also  keeps  the  sailors  supplied  with  air  for  breathing. 

There  are  many  other  inventions  that  use  compressed  air.  Have 
you  ever  heard  the  rapid  pounding  of  the  pneumatic  hammer  on  a 
steel  bridge  or  building?  It  is  used  to  rivet  together  large  pieces  of 
steel,  and  increases  greatly  the  speed  with  which  steel  structures  can 
be  built. 

The  air  brake,  invented  by  George  Westinghouse,  is  another  im- 
portant piece  of  apparatus  that  uses  compressed  air.  It  sets  the 
brakes  against  the  wheels  of  railroad  cars  and  stops  the  tram.  The 
air  is  compressed  and  stored  in  the  locomotive. 
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A  sand  blast  is  a  current  of  air  set  free  from  pressure  and  carrying 
sharp  sand  with  great  speed.  It  is  used  to  roughen  the  surface  of 
glass,  producing  "  ground  glass."  The  sand  particles  chip  the  sur- 
face. The  wind  of  a  sandy  desert  is  a  natural  sand  blast ;  it  not  only 
roughens  window  glass,  but  wears  away  the  surface  of  rocks  (cf.  {  151). 

16.  Exercises.  —  1.  Is  it  easy  to  get  ketchup  out  of  a  small-mouth 
bottle?    How  do  you  do  it?    Why? 

2.  How  do  we  get  machine  oil  out  of  its  can?    Why? 

3.  Why  is  there  a  vent,  or  hole,  near  the  top  of  a  vinegar  or  kerosene 
barrel?    Why  is  there  one  in  a  steam  radiator? 

4.  Examine  a  kerosene  or  gasoline  can.  How  does  the  liqmd  come 
out  of  the  spout  when  the  top  of  the  can  is  closed?  How,  when  the 
top  is  open?    Why? 

5.  If  you  bring  an  inflated  toy  balloon  from  the  cold,  outer  air  into 
a  warm  room,  what  will  happen  to  it?    Why? 

6.  Set  an  "  empty  "  glass,  mouth  down,  into  a  saucer  or  basin  of 
hot  water;  what  happens,  and  why?  Have  you  ever  noticed  any 
phenomenon  like  this  in  the  rinsing  of  dishes  with  hot  water? 

7.  Suppose  you  balance  two  dry,  "  empty  "  flasks  or  tomato  cans 
on  the  two  pans  of  the  scales,  and  then  heat  one  of  the  flasks,  or  cans, 
and  put  it  back  on  the  scales ;  what  will  happen,  and  why? 

8.  Do  you  think  the  gas  in  an  inflated  toy  balloon  is  under  pressure  ? 
Why? 

9.  Suppose  that  the  inside  space  of  a  basketball  holds  f  of  a  cubic 
foot.  How  much  does  this  vohune  of  air  weigh?  Suppose  that  three 
times  this  volume  of  air  is  packed  into  the  ball,  what  does  the  air  in 
the  ball  weigh? 


CHAPTER  III 

PRESSURE  OF  THE  ATMOSPHERE 

16.  Does  the  Atmosphere  Have  Pressure?  —  If  we 
were  living  at  the  bottom  of  an  ocean  of  water,  the  weight 
of  the  water  above  us  would  cause  a  great  pressure  upon 
our  bodies  and  upon  all  the  objects  in  the  water.  Is  the 
same  true  of  an  ocean  of  air?  Let  us  perform  a  few  ex- 
periments to  find  out. 

(a)  Look  back  at  §  9,  Fig.  4.  Why  does  not  the  water  fall  out  of 
the  bottle  that  is  set,  upside  down,  in  the  pan  of  water? 

(6)  Fill  a  drinking  glass  or  a  large-mouth  bottle  completely  with 
water,  close  the  mouth  of  the  vessel  entirely  with  a  wet  piece  of  card- 
board or  stiff  paper ;  a  stiff  envelope  will  do.  Now  hold  the  cover- 
ing in  place  with  your  hand,  turn  the  vessel  upside  down,  and  remove 
your  hand.  Why  does  not  the  water  fall  out?  In  what  direction 
does  the  atmosphere  exert  pressure  in  this  case? 

(c)  Hold  a  clean  glass  vial  or  other  small-mouth  bottle,  between 
your  lips  and  remove  as  much  as  possible  of  the  air  by  suction.  Then, 
before  the  air  reenters,  close  the  mouth  of  the  vial  or  bottle  with 
your  tongue  or  the  inside  of  your  lips  or  cheek.  What  evidence  do 
you  get  of  the  pressure  of  the  atmosphere?  What  happens  when 
you  pull  the  bottle  away? 

(d)  Over  the  mouth  of  a  clay  pipe  tie  tightly  a  piece  of  thin  sheet 
rubber  and  then,  by  suction  through  the  stem,  remove  some  of  the 
air.    Explain  what  happens.    Does  this  show  anything  of  air  pressure  ? 

If  your  laboratory  has  an  air  pump,  perform  the  same  experiment 
as  shown  in  Fig.  12. 

(e)  Blow  a  paper  bag  full  of  air. 
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The  pressure  of  the  air  inside  and  outside  the  bag  will  then  be  the 
same.  Now  make  the  mouth  of  the  bag  small  and  remove  the  air  by 
suction.    Why  does  the  bag  collapse? 

Can  you  tell  why  you  can  drink  lemonade  or  soda  water 

through  a  straw  ? 
Do  any  of  these  experiments  show  that  the  atmosphere's 

pressure  pushes  upwards?     Downwards?     Sidewise? 

17.  Can  the  Atmos- 
phere's Presstire  Be 
Meastired  ?  —  Suppose 
that  you  had  a  tube  or 
pipe  10,  20,  30,  or  40 
feet  long  and  that  your 
lungs  were  strong  enough, 
could  you,  by  suction, 
raise  a  liquid,  such  as 
water  or  lemonade,  up  to 
your  mouth  ?    Your  lungs 

Fig.  12.  —  As  the  air  is  removed  from  , 

the  bell-shaped  jar  by  the  air  pump,  the  are     UOt     StrOUg     eUOUgh, 

pressure  of  the  outside  air  forces  the  sheet  y^^^  y^^  ^^^l^  ^S^  g^  g^^, 
rubber  into  the  jar.  *^ 

tion,  or  lift,  pump  for  the 
purpose.  This  is  just  what  we  usually  do  When  we  pump 
water  from  a  well  or  cistern. 

Nearly  300  years  ago  a  landowner  in  Italy  was  trying 
to  raise  water  from  a  well.  No  pump  he  could  get  would 
raise  the  water  more  than  about  34  feet.  He  asked  the 
scientist  Galileo  (pronounced  GaW-le'o)  to  tell  him  why  ; 
but  Galileo  did  not  know.  Torricelli  (pronounced  T6r- 
ri-tch611'y),  a  pupil  of  Gahleo,  gave  the  answer  in  1643. 
He  believed  that  water  rose  into  a  pump  because  the 
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atmosphere's  pressure  forced  it  up.  He  said  to  himself 
that  if  the  pressure  of  the  atmosphere  was  just  great 
enough  to  push  up  a  column  of  water  34  feet,  it  could  not 
push  up  a  heavier  liquid  to  so  great  a  height.  He  decided 
to  try  mercury,  which  is  13.6  times  as  heavy  as  water. 
If  Torricelli's  guess  was  correct,  the  air  ought  to  be  able 
to  hold  up  a  colmnn  of  mercury  only 
34-r- 13.6,  or  about  2.5  feet  high.  This 
would  be  about  30  inches. 

18.  The  Barometer.  —  To  test  his 
guess,  Torricelli  used  a  straight  glass 
tube  about  3  feet  long  (Fig.  13)  and 
closed  at  one  end.  He  filled  the  tube 
entirely  with  mercury,  closed  the 
open  end  with  his  finger,  and  turned 
the  tube  upside  down,  so  that  its  open 
end  was  below  the  surface  of  some 
mercury  in  a  dish.  When  he  removed 
his  finger,  some  of  the  mercury  ran    ^^^^'rrF'~'^  ^*?l?' 

^°      '  ^  •'  eter.     The  pressure  of  the 

down  into   the   dish,  but   not   all.       It     atmosphere  holds  up  the 
.  J       1  11  1  I.       J.     column  of  mercury. 

stopped  when  the  column  was  about 
30  inches  high.     So  Torricelli's  guess  was  correct.    The 
space  above  the  mercury  did  not  contain  air ;  we  call  it 
a  vacuum,  which  means  empty  space.    Torricelli^s  appa- 
ratus is  called  a  barometer. 

If  the  opening  of  a  barometer  tube  has  an  area  of  1 
square  inch,  the  mercury  column  30  inches  high  weighs 
14.7  pounds.  This  is  the  reason  why  we  say  that  the  air 
pressure  on  every  square  inch  of  surface  is  about  15 
pounds. 
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19.  Is  fhe  Atmosphere's  Pressure  Always  the  Same? 

—  If  we  examine  a  barometer  frequently,  we  shall  find 

that  the  height  of  the  mercury  column  is  not  always  the 

same;  it  varies  from  day  to  day  and  sometimes  even 

from  hoiu"  to  hour.     These  changes  in  the  "  barometer 

height,"  as  it  is  called,  are  caused  by  changes  in  the 

atmosphere's  pressure.     A  study  of  these  changes  is  of 

great    importance    to    the 

weather  observer,  for  they 

help  him  to  foretell  changes 

of  weather.     How  he  does 

this  we  shall  learn    later 

(cf.  §81). 

What  do  you  think  would 
be  the  effect  of  carrying  a 
barometer  down  into  a 
deep  mine  or  up  a  moun- 
tain? At  the  bottom  of 
a  haystack  the  hay  is  more 
compact  than  at  the  middle 

p^are^Buii  mine  lower  pHT,  of  the     ^^     ^^^     top,     becaUSe     aU 

the  hay  above  is  pressing 
upon  that  at  the  bottom.  The  same  would  be  true 
of  a  pile  of  sofa  pillows  or  of  any  other  material  that 
is  easily  compressed.  Is  this  true  of  air?  If  it  is,  then 
the  pressure  should  become  greater  if  we  go  down  into 
a  mine,  and  should  grow  less  if  we  go  to  the  top  of  a 
high  building,  or  up  a  mountain.  This  has  been  found 
to  be  true  (Fig.  14).  At  the  height  of  4  miles  above  sea 
level  the  barometer  height  is  about  15  inches ;  at  about 


—  The  balloon  and  the 
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7  miles  some  aeronauts  found  it  to  be  only  7  inches. 
They  had  thus  left  |  of  the  air  behind  them. 

The  pressure  of  the  blood  in  our  bodies  is  about  17  poimds  to  the 
square  inch;  hence  there  is  danger  of  hemorrhagey  or  bursting  of  the 
blood  vessels,  when  the  atmosphere's  pressure  suddenly  becomes  too 
small.  So  it  happens  that  many  persons  have  nosebleed  when  they 
are  carried  quickly  up  a  mountain. 

The  barometer  column  falls  about  an  inch  for  every 
900  feet  we  ascend  above  sea  level ;  what  would  its  height 
be  at  an  elevation  of  1800  feet?     Of  4500  feet? 

20.  Exercises.  —  1.  If  your  body  has  an  area  of  2000  square 
inches  and  the  atmosphere's  pressure  upon  it  is  15  pounds  for  every 
square  inch,  your  body  must  support  a  pressure  of  30,000  poimds. 
Why  do  you  not  feel  so  great  a  pressure? 

2.  When  the  cover  of  a  Mason  jar  is  hard  to  remove,  we  some- 
times push  a  knife  blade  under  the  edge  of  the  cover  until  we  hear  a 
hissing  noise.  What  causes  the  noise?  Why  is  it  easier  afterwards 
to  remove  the  cover? 

3.  Alcohol  is  only  |  as  heavy  as  water ;  would  a  barometer  colmnn 
consisting  of  alcohol  be  higher  or  lower  than  one  made  of  water? 

4.  Why  is  mercury  used  in  the  barometer  instead  of  water  or  alcohol 
or  any  other  liquid? 

5.  How  could  a  barometer  be  used  to  tell  the  height  of  a  mountain 
top  above  sea  level? 

6.  Can  you  think  of  any  reason  why  the  atmosphere's  pressure 
should  vary  from  day  to  day? 

7.  Could  you  prove,  by  the  use  of  a  clay  pipe  with  sheet  rubber 
tied  over  the  bowl,  that,  the  air  presses  in  all  directions?    Try  it. 


CHAPTER  IV 

FIRE 

21.  What  Does  Fire  Mean  to  Us?  — What  a  number 
of  pictures  come  to  our  minds  as  we  hear  the  word ''  Fire  '' ! 
Perhaps  you  think  first  of  the  fire  that  destroys  some 
house,  of  the  uncontrolled  prairie  fire  and  forest  fire,  of 
the  destructive  fires  in  coal  mines  and  petroleum  wells,  of 
the  great  conflagrations  that  have  swept  over  cities  Uke 
Rome,  London,  Moscow,  Chicago,  Boston,  and  San 
Francisco.  We  ought  also  to  think  of  the  quiet  fires 
of  the  home :  a  burning  match,  burning  wood  or  coal  in 
the  open  fireplace  or  in  the  stove,  the  gas  jet  and  gas 
stove,  the  flame  of  a  candle,  the  kerosene  lamp,  the 
furnace  fire.  We  think,  too,  of  the  great  fires  of  industry 
and  commerce:  the  blast  furnace,  that  gives  us  iron; 
the  copper,  zinc,  and  lead  smelters  in  which,  by  the  aid 
of  fire,  these  metals  are  prepared  for  our  use ;  the  furnace 
fires  that  produce  the  steam  of  the  locomotive  and  steam- 
ship. Then,  too,  we  think  of  the  joyous  bonfire  of  our 
celebrations  and  of  the  camp  fire  over  which  we  cook  our 
picnic  meal. 

It  is  true  that  fire  destroys  many  precious  lives  every 
year  and  enormous  sums  in  property,  yet  without  it 
man  would  be  poor  indeed.     A  proverb  says :    ^'  Fire  is 
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a  good  servant,  but  a  bad  master."    The  poet  has  the 
same  idea  when  he  says : 

"  How  kindly  is  the  fire*s  might, 
When  tamed  by  man  and  watched  aright." 

What  is  fire  and  how  did  man  come  to  use  it  ? 

22.  How  Are  Fires  Started  ?  —  How  do  you  suppose 
man  ever  learned  to  start  a  fire  ?  Nowadays  we  do  this 
in  a  very  matter-of-fact  way. 
We  strike  a  match ;  its  tip  bursts 
into  flame ;  then  the  match  stick 
bums  and  we  use  its  flame  to 
kindle  our  fire.  But  suppose  we 
were  off  in  the  woods  or  the 
moimtains,  without  matches ; 
how  could  we  kindle  a  fire  then  ? 

A  himdred  years  ago  there  were 
no  matches ;  men  lighted  their  fires  by  means  of  a  flint-and- 
steel.  That  is,  they  struck  a  piece  of  flint  (a  kind  of  rock) 
with  a  short  bar  of  steel  and  produced  hot  sparks.  They 
caught  the  sparks  in  some  tinder  and  thus  set  the  tinder 
on  fire.  We  often  see  such  sparks  when  a  horse's  hoofs 
strike  a  stone  pavement.  The  tinder  consisted,  of  dried 
moss,  bark,  pitch,  or  some  other  substance  that  was 
easily  set  on  fire. 

Our  forefathers  did  not  use  the  flint-and-steel  e^'ery  time  they 
wanted  a  fire,  but  saved  the  hot  coals  each  evening  for  the  next  day's 
fire.  If  the  coals  "  went  out,"  as  they  sometimes  did,  some  one 
(usually  a  child)  had  to  go  out  in  the  frosty  morning  to  "  borrow  fire  " 
of  a  neighbor.  The  glowing  coals  were  carried  in  little  covered  iron 
pails  or  kettles. 


FiQ.    16.  —  Kindling   fire   by 
means  of  a  flint-and-steel. 
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But  the  flint-and-steel  was  not  the  earliest  way  of  making  fire. 
At  a  still  earlier  time  men  started  their  firea  by  rubbing  one  piece  of 
wood  against  another,  until  the  wood,  or  some  tmder  placed  ne&r  it, 
was  heated  to  the  kindling  tem- 
perature. Some  barbarous 
peoples  do  this  today  (see 
Fig.  16). 


23.  How  Does  a  Fire 
Bum  ?  —  Watch  a  fire  and 
see  how  the  flame  or  glow 
travels  from  one  part  of 
the  burning  body  to  an- 
other. We  see  this  m  the 
burning  of  an  incense 
stick,  a  match,  or  a  stick 
of  wood,  as  well  as  in  the 
burning  of  a  house  or  a 
city  block.  The  part  al- 
ready aflre  heats  up  the 

WBpvrVIU.  ISIS,  tit  rr«laUt  Starr.}     part      DBXt     tO     it     to     the 
Fig.   16.  —  How  a  Batua  of  the  Codbo      "  point     of     buming,"      Or 
Free  State  kiodlea  hia  fire  by  turning  a     i^„  jij„„  4.„„„«™*,.„ 

drill  rapidly  between  his  hands.  *maiing  temperatuie . 

A  number  of  other 
things  happen  in  a  fixe.  There  is  usually  a  flame, 
which  gives  off  light.  We  use  lamps  for  the  light  of 
their  flames.  Lincoln  learned  to  read  by  the  light 
of  a  buming  pine  knot.  A  third  thing  about  a  fire 
is  that  it  gives  off  heat;  a  fourth,  that  there  is 
usually  some  smoke.  A  fifth  thing  is  that  after  solid 
fueU,  like  coal  and  wood,  no  longer  bum  with  a  fiame, 
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they  bum  with  a  glow.  Finally,  when  the  coal  or  wood 
is  entirely  through  burning,  gray  ashes  remain.  Many 
substances  do  not  seem  to  bum  at  all ;  such  are  the  iron 
of  a  stove  and  the  bricks  of  a  fireplace.  Why  does  not 
the  nail  in  a  stick  of  wood  bum  up  with  the  wood  ? 

24.  Experiments  with  Burning. — In  order  to  find  out 
more  about  burning,  or  fire,  let  us  carry  out  a  few  ex- 
periments. First  we  must  have  a  bottle  and  a  cork  to 
close  it,  also  a  pine  splinter  that  can  be 
fastened  into  the  imder  side  of  the  cork 
(Fig.  17).  Let  us  light  the  splinter  and 
hold  it  in  the  bottle,  and  press  the  stopper 
into  the  bottle's  mouth.  At  first  the  flame 
bums  brightly,  then  faintly;  finally  it 
"  goes  out."  Suppose  we  remove  thie  cork, 
relight  the  splinter,  and  thrust  the  splinter  lighted  spiinter 
once  more  into   the  bottle.    The  splinter   burns  for  a  time 

_  ,  ••»  1        <•  !•     1        "*  *"®  inclosed 

Will  not  bum.  Except,  possibly,  for  a  little  airof  thebotue 
smoke,  the  mside  of  the  bottle  looks  just  ^^.^^"^  *'«^ 
as  it  did  before  we  burned  the  wood  in  it. 

Let  us  remove  the  splinter,  fill  the  bottle  entirely  with 
water,  pour  out  the  water,  and  put  the  burning  splinter 
back  into  the  bottle.  What  happens?  The  splinter 
bums  once  more.  What  did  the  water  force  out  of  the 
bottle?  The  used,  spent  air.  What  entered  the  bottle 
when  we  poured  the  water  out?  Fresh  air.  The  ex- 
periment shows  that  burning  wood  spoils  the  air  for 
further  burning  and  that  we  must  provide  fresh  supplies 
of  air,  if  burning  is  to  go  on.  The  same  is  true  of  all 
ordinary  burning. 
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We  can  perform  the  same  experiment  with  a  burning  candle.  The 
candle  should  be  a  short  one  and  fastened  by  means  of  a  stiff  wire 
to  the  cork,  so  that  the  candle  may  be  held  upright  in  the  bottle. 

We  can  also  carry  out  the  experiment  with  burning  sulphur  held  in 
a  long-handled  spoon  (combustion  spoon).  The  handle  is  put  through 
the  cork.  After  burning  for  a  little  while,  the  sulphur  flame  "  goes 
out  "  and  the  bottle  has  in  it  a  gas  with  a  sharp  odor.  If  we  now  put 
into  the  bottle  a  burning  splinter,  or  a  candle,  it  will  not  continue  to 
burn. 

26.  How  Much  of  the  Air  Supports  Burning  ?  —  The 

experiments  we  have  aheady  performed  show  us  that  a 
burning  body  needs  air.     Let  us  now  try  to  find  out 

whether  all,  or  only  a  part,  of  the 
air  takes  part  in  the  burning. 

We  can  use  a  short  candle,  such  as 
a  "birthday''  candle  (Fig.  18). 
Soften  the  bottom  of  the  candle  by 
warming  it  and  then  press  it  against 
a  piece  of  tin,  such  as  a  jelly-glass 

cand?e  birnsrit  uses^up    cover,  Until  it  sticks.     Now  Set  the 
part  of  the  air  of  the    candle  Upright  in  a  basin  containing 

water  to  the  depth  of  about  one 
inch,  and  light  the  candle.  When  it  is  burning  briskly, 
put  over  it,  and  into  the  water,  a  bottle  of  fresh  air.  At 
first  the  candle  flame  burns  just  as  it  does  in  the  outer 
air,  but  soon  it  dies  down  and  goes  out.  When  the  flame 
goeS;  out  and  the  gas  left  in  the  jar  becomes  cool,  water 
rises  into  the  bottle.  What  does  this  mean?  It  means 
that  there  is  less  air  in  the  jar  after  the  candle  has  burned 
than  there  was  before.  The  water  rises  to  take  the  place 
of  that  part  of  the  air  which  has  been  used  up. 
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Another  material  that  helps  us  in  our  study  of  burning  is  phos- 
phoxus,  but  the  experiment  must  be  performed  by  the  teacher,  since 
phosphorus  bums  with  great  fierceness.  There  are  two  kinds  of 
phosphorus :  one  is  a  red  powder  and  the  other  a  yellow,  waxy  solid 
that  comes  in  sticks  which  look  like  lemon  stick  candy.  The  red  is 
much  safer  to  handle  and  to  keep.  If  the  yellow  is  used,  it  must  be 
kept  under  water  and  cut  under  water,  or  it  may  take  fire  of  itself 
and  cause  serious  bums.  For  this  reason,  the  piece  cut  off  for  use  must 
be  handled  with  forceps  or  tongs,  never  with  the  fingers.  You  would 
never  guess  that  such  an  active  substance 
could  be  a  part  of  our  bones  and  of  the 
rock  phosphate  that  is  put  upon  soil, 
but  it  is  so. 

Let  the  teacher  set  up  the  apparatus  of 
Fig.  19.  The  vessels  needed  are  a  pint 
fruit  jar  and  a  shallow  pan  containing 
water.  The  phosphorus  is  put  on  a 
holder  that  reaches  about  halfway  up  the 
jar.  The  holder  may  be  a  strip  of  "  tin  " 
with  a  horizontal  top  about  the  size  of  a 
25-cent  piece,  or  it  may  be  a  small  cork  fastened  to  a  wire  and 
covered  with  a  disk  of  "  tin."  The  lower  end  of  the  strip  or  wire  is 
put  through  a  hole  or  a  narrow  slit  in  a  piece  of  sheet  lead  or  into  a 
rubber  stopper,  so  that  the  phosphorus  holder  will  stand  upright. 
A  floating  support  for  the  phosphorus  is  often  used ;  it  may  be  made 
out  of  a  thin,  flat  cork  with  a  disk  of  tin  laid  upon  it  to  protect  it. 
When  the  support  is  ready,  we  set  the  phosphorus  on  fire,  put  the  jar 
of  air  over  it,  and  press  the  jar  against  the  bottom  of  the  pan. 

The  phosphorus  will  burn  for  a  time,  forming  a  dense,  white  smoke ; 
then,  although  there  is  still  some  phosphorus  left,  it  stops  burning. 
Finally  the  smoke  dissolves  in  the  water,  leaving  the  gas  in  the  jar 
quite  clear  and  transparent,  like  the  air  itself.  But  long  before  the 
smoke  disappears,  water  will  rise  into  the  jar. 

Let  us  examine  the  bottle  in  which  the  candle  has 
burned,  or  the  jar  in  which  phosphorus  has  burned. 


Fig.  19.  —  The  phosphorus 
burns  until  it  has  used  up  that 
part  of  the  air  which  permits 
burning  to  go  on. 
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What  fraction  of  its  volume  is  jGilled  with  water?  Is  it 
h  h  h  or  what  ?  To  find  out,  we  can  close  the  mouth  of 
the  bottle  or  jar,  imder  water,  with  a  card  and  then 
remove  the  jar  from  the  water  and  set  it  upright -on  the 
table.  If  we  put  a  burning  spUnter  or  candle  into  the  jar, 
we  find  that  the  gas  in  the  jar  is  inactive  and  does  not 
aUow  burning  to  go  on. 

26.  Is  Air  a  Mixture  ?  —  By  burning  a  candle  or  some 
phosphorus  in  a  jar  of  air  we  find  out  a  very  wonderful 
thing.  When  the  experiment  is  carried  out  with  great 
care,  the  water  rises  into  the  jar  imtil  it  fills  about  ^  of  it 
(nearly  21  per  cent).  Many  other  burning  substances 
act  upon  air  in  this  way;  that  is,  after  they  have  used 
up  about  I  of  the  air,  they  do  not  act  further.  How  can 
we  explain  this  fact?  The  explanation  is  that  the  air 
consists  of  at  least  two  different  gases :  one  that  permits 
bimiing  to  go  on  and  another  that  does  not.  The  active 
gas,  which  unites  with  substances  when  they  bum,  is 
called  oxygen.  The  inactive  gas,  making  up  about  |  of 
the  air,  is  nitrogen  (mixed  with  small  amoimts  of  some 
other  gases).  The  air  is  oxygen  diluted  with  nitrogen, 
much  as  lemonade  is  lemon  juice  diluted  with  water. 

27.  How  Can  We  Explain  Burning?  —  We  can  now 
imderstand  what  the  strange  phenomenon  called  burn- 
ing, or  fire,  really  is.  Burning  is  the  uniting  of  a  body 
with  the  oxygen  of  the  air.  The  burning  body  and  the 
oxygen  rush  together  so  vigorously  that  heat  and  light 
are  produced.  The  burning  body  sometimes  disappears, 
as  far  as  we  can  tell  by  our  senses,  but  if  we  have  the 
skill  and  the  patience,  we  can  prove  that  it  has  merely 
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united  with  oxygen,  and  we  can  collect  the  invisible 
materials  that  are  formed.  The  white  smoke  formed 
when  phosphorus  bums  contains  both  the  phosphorus  that 
was  used  up  in  burning  and  the  oxygen  that  imited  with  it. 

Another  name  for  burning  is  combustion.  A  substance 
like  wood,  coal,  or  fuel  gas,  which  biuns  in  the  air  is  a 
''  combustible  substance,"  or,  simply,  a  combiistible. 

28.  What  is  a  Flame  ?  —  Have  you  ever  asked  your- 
self, as  you  watched  the  flame  of  a  bonfire  leap  high  into 
the  air,  what  a  flame  really  is,  and  how  it  can  reach  out 
so  far  from  the  burning  body?  And  have  you  noticed 
that  a  jet  of  gas,  or  a  candle,  or  a  piece  of  wood  bums 
with  a  flame,  while  a  piece  of  burning  charcoal  or  coke 
merely  glows  f    Why  is  this  ? 

To  find  out  the  reason,  let  us  study  the  quiet,  little 
flame  of  a  Ughted  candle.  A  candle  consists  of  wax,  or 
tallow,  and  a  wick.  When  the  wick  is  set  on  fire,  some  of 
the  wax  is  melted,  and  the  liquid  wax  rises  through  the 
wick  into  the  flame,  where  it  is  burned.  In  a  kerosene 
or  alcohol  lamp  the  hquid  rises  through  the  wick  in  the 
same  way. 

If  we  look  at  the  flame  carefully,  we  see  that  it  consists 
of  a  dark,  central  part  surrounding  the  wick,  and  a  burn- 
ing, outer  part  that  gives  the  Ught.  How  can  we  find  out 
what  is  taking  place  in  the  central  part?  One  way  is 
to  hold  one  end  of  a  small  tube  in  it,  as  shown  in  Fig.  20. 
If  we  then  bring  a  burning  match  near  the  upper  end  of 
the  tube,  we  can  get  a  flame  there,  too.  What  does  this 
mean?  It  means  that  an  invisible,  combiLstible  gas  is 
formed  in  the  dark,  central  part  of  the  flame  and  passes 
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up  through  the  tube.  On  the  wick  and  in  the  central 
part  of  the  flame  the  wax  is  being  turned  into  this  gas. 
Why  does  not  the  gas  burn  on  the  inside  of  the  flame? 
Because  the  air  gets  at  the  gas  only  on  the  outside.  So 
the  candle  flame  really  consists  of  a  burning,  outer  region 

surrounding  a   central  region  of  unbumed 

gas ;  a  flame  is  a  burning  gas. 

We  can  show  in  other  ways  that  flames  are  burning 
gases.  Suppose  we  "  blow  out  "  a  candle  flame,  and  at 
once  hold  a  burning  match  just  above  the  wick.  By 
making  several  trials  we  shall  find  that,  even  with  the 
match  quite  a  distance  above  the  wick,  we  can  still 
relight  the  candle.  What  is  it  that  passes  from  the 
wick  into  the  air  and  is  set  on  fire  by  the  match?  The 
invisible  gas  formed  out  of  the  wax.  If  we  give  the  wick 
time  to  cool,  it  can  no  longer  turn  the  wax  into  a  gas ; 
then  we  cannot  relight  the  candle  without  heating  the 
wick  up  to  its  kindling  temperature.  We  can  carry  out 
the  same  experiment  with  a  kerosene  lamp. 


Fig.  20.  — 
In  the  center 
of  a  candle 
flame  there  is 
a  combustible 
gas  that  can 
be  drawn  ofif 
through  the 
glass  tube  and 
burned. 


If  we  watch  a  burning  piece  of  wood,  es- 
pecially a  burning  log,  we  see  that  gas  comes 
out  of  the  wood  in  little  jets  that  burn  with  flames ;  often 
these  can  be  Ughted  at  some  distance  from  the  wood. 
Soft  coal  gives  off  a  gas  in  the  same  way,  and  so  burns 
with  a  flame.  Coke  and  charcoal  bum  without  flames  be- 
cause they  have  no  combustible  gases  to  give  off  (cf.  §  36). 

29.  Exercises. —  1.  Why  are  paper  and  wood  used  in  kindling  a 
coal  fire? 

2.  How  can  a  "  burning  glass  "  start  a  fire?  Do  you  think  that 
broken  bottles  left  in  the  woods  might  act  as  burning  glasses  and  cause 
forest  fires? 
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3.  Do  you  think  that  the  air  wliich  passes  out  through  the  stove- 
pipe whfen  there  is  a  fire  in  the  stove  contains  more,  or  less,  oxygen  than 
when  it  entered  the  front  of  the  stove?    Why? 

4.  If  we  wish  to  put  out  a  fire,  what  must  we  keep  away  from  it? 
How  can  this  be  done? 

5.  Is  water  a  combustible?  Is  it  a  supporter  of  combustion? 
When  water  is  turned  into  steam,  does  the  steam  bum  or  support 
combustion?  Try  this  by  putting  a  burning  match  into  the  steam 
that  comes  from  a  teakettle  in  which  water  is  boiling  hard.  Tell  how 
these  facts  explain  why  water  puts  out  a  fire. 

6.  Why  does  a  blanket  or  rug  put  out  a  fire? 

7.  If  your  clothes  are  set  on  fire,  ought  you  to  run  outdoors  to  get 
help?    Why?    What  ought  you  to  do ? 

8.  Does  an  old  iron  stove  ever  show  any  signs  of  being  partly 
burned  up? 


CHAPTER  V 
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OXYGEN,  THE  FIRE  GAS 

30.  How  Can  We  Prepare  Oxygen?  —  You  would 
naturally  think  that  the  easiest  way  to  get  oxygen  un- 
mixed with  nitrogen  would  be  to  remove  the  nitrogen  of 
the  air.  But  we  must  remember  that  the  oxygen  is  the 
active  gas,  and  that  burning  substances,  like  a  candle  or 

phosphorus,  always 
combine  with  the  oxy- 
gen and  leave  the 
nitrogen.  So  to  get 
oxygen  we  must  use 
chemicals  that  consist 
partly  of  oxygen  and 
we  must  get  the  oxy- 

FiQ.  21.  —  When  a   mixture   of  powdered     gCU  OUt  of  these.      The 

potassium  chlorate  and  manganese  dioxide  is  ^   commOU  Way  tO 

heated,  oxygen  IS  given  off.  j.xxvr»^w   v^vrxxxxxxv^**     fc«j     w 

get  oxygen  is  to  heat 
a  mixture  of  two  substances  called  potassium  chlorate 
and  manganese  dioxide.  The  potassium  chlorate  is  a 
white  soUd ;  the  manganese  dioxide  is  a  black  one. 

The  apparatus  used  is  shown  in  Fig.  21 .  To  fill  three  or  four  S-onnce 
(250  cc.)  bottles  with  the  gas  we  use  about  J  of  a  test  tube  of  potassium 
chlorate  and  about  J  of  a  test  tube  of  manganese  dioxide.  Each  should 
be  in  the  form  of  a  fine  powder  and  the  two  should  be  mixed  carefully 
on  a  clean,  smooth  sheet  of  paper.    By  means  of  a  one-hole  stopper 

36 
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we  connect  the  test  tube  containing  the  mixture  with  a  "  delivery  tube  " 
that  carries  the  gas  to  the  water  pan. 

To  heat  the  mixture  we  use  a  very  smaU,  smoky  flame  (a  candle 
flame  will  do) ;  bubbles  of  oxygen  will  soon  escape  from  the  end  of  the 
delivery  tube.  If  a  bottle  full  of  water  is  placed,  mouth  downward, 
over  the  end  of  the  delivery  tube,  the  oxygen  rises  into  the  bottle  and 
pushes  out  the  water.  We  thus  collect  the  gas  "  over  water,"  as  we 
collected  air  in  §  9,  Fig.  4. 

When  a  bottle  is  fuU  of  oxygen,  we  slip  under   it   a  piece  of 
cardboard,  or  of  sheet  glass,  and  then  set  it,  right  side  upward, 
on  the  table.    We  can  then  fill  other    bottles  with  the  gas.    If 
the  gas  is  to  be  kept  for  a  day  or  two,  the  bottle 
should  be  stoppered  tightly.   Pint  fruit  jars  with  rubber  t — r''^™ 

rings  and  tight  covers  make  excellent  storage  vessels        /^      ^ 
for  gases. 

When  we  have  collected  enough  oxygen,  or  when 
all  has  come  off  that  will,  we  remove  the  delivery  tube 
from  the  water ;  then,  and  not  until  then,  should  we 
take  away  the  flame.  The  reason  for  this  care  is  that 
as  the  gas  in  the  test  tube  cools,  it  contracts  (cf .  §  12) :    ^.u^^l  j^'  ~~ 

.<.      ,  ,  -  ,  .     -  1.1        Whenhydrogen 

if  cold  water  from  the  water  pan  is  forced  mto  the    peroxide    solu- 

hot  tube,  the  tube  may  break.  tion  is   added 

We  shall  want  to  use  the  bottles  of  oxygen  in  the    dioi^e°oxy^ 

next  section  and  in  Chapter  VI.  is  given  off. 

Another  way  of  getting  oxygen  is  shown  in  Fig.  22. 
For  this  we  need  only  a  glass  bottle  and  a  loose  cover, 
such  as  a  piece  of  sheet  glass.  Into  the  bottle  we  put 
manganese  dioxide  (or,  better,  potassium  permanganate) 
and  enough  water  to  just  cover  the  solid;  then  we  add 
some  hydrogen  peroxide  solution.  No  heating  is  needed. 
The  mixture  bubbles,  or  foams,  as  the  oxygen  rises 
through  the  water.  The  oxygen  pushes  the  air  out  of 
the  bottle ;  sooii  we  have  the  bottle  full  of  oxygen. 


Fig.    22.  — 
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31.  What  is  Oxygen  Like?— We  are  now  ready  to 
leam  some  of  the  propertieSy  or  quaUties,  of  this  interest- 
ing gas.  We  can  see,  by  looking  at  the  bottles  of  oxygen, 
especially  after  they  have  stood  for  a  few  minutes,  that 
oxygen  has  no  more  color  than  air  has.  Perfectly 
pure  oxygen  has  neither  odor  nor  taste. 

If  we  light  a  pine  splinter,  and  put  it  for  an  instant 
into  a  jar  of  oxygen,  the  wood  bums  much  more  vigor- 
ously than  in  air.  If  we 
blow  out  the  flame,  and 
put  the  glowing  splinter 
into  the  bottle,  the  glow 
becomes  very  intense  and  the 
splinter  bursts  into  a  flame. 
In  this  way  we  can  tell  a 
bottle  of  oxygen  from  one 
of  air. 

A  burning  candle  bums 

burns  in  oxygen  with  a  brilliant  light     more    vigOrOUSly   when   put 
and  a  shower  of  tiny  sparks.  .  . .        .  - 

mto  oxygen.  Try  it,  if 
possible.  To  burn  sulphur  in  oxygen,  we  hold  it  in  a 
combustion  spoon  (cf.  §  24).  We  light  the  sulphur  by 
holding  the  bowl  of  the  spoon  in  a  flame,  and  then  put 
the  spoon  into  a  bottle  of  oxygen  (Fig.  23,  a).  In  the 
air,  sulphur  bums  with  a  pale,  almost  colorless  flame, 
but  in  oxygen  the  flame  is  a  brilliant,  purple  one. 
By  smelUng  cautiously  of  the  gas  formed  in  the  bottle 
we  leam  that  it  has  the  same  sharp  odor  as  the  gas 
formed  when  sulphur  burns  in  air.  We  call  it  sulphur 
dioxide. 


Fig.  23.  —  a.  When  burning  sulphur 
is  put  into  oxygen,  it  burns  with  a 
brilliant^  purple   flame,     h.   Iron  wire 
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We  do  not  see  iron  bum,  ordinarily,  in  air,  but  in  oxygen 
it  bums  (Fig.  23,  b)  with  a  brilliant  light  and  a  shower  of 
tiny  sparks.  The  best  way  to  show  the  burning  of  iron 
in  oxygen  is  to  use  a  piece  of  picture  cord  made  up  of 
fine  strands  of  iron  wire  and  to  put  on  one  end  of  the  cord 
a  tip  of  melted  sulphur  or  the  head  of  a  match ;  we  then 
light  the  sulphur,  or  match  head,  and  put  the  wire  at 
once  into  the  jar  of  oxygen.  The  shiny,  black  lump 
formed  on  the  end  of  the  wire  is  made  up  of  iron  and 
oxygen ;  we  call  it  iron  oxide. 

32.  Wliat  is  Oxidation  ?  —  Are  you  ready  now  to  learn 
the  meaning  of  some  important  words  ?  We  use  the  word 
"  oxidation  ''  so  often  in  science  and  even  in  our  daily 
life,  that  we  should  get  some  idea  of  what  it  means.  We 
see  at  once  that  the  word  comes  from  ^^  oxide ''  (pro- 
noimced  Sx'Id)  and  that  oxide  comes  from  ^^  oxygen." 
Oxidation  means  uniting  with  oxygen;  the  substance 
that  unites  with  oxygen  is  said  to  be  oxidized.  Thus 
the  iron  burning  in  oxygen  is  oxidized  to  iron  oxide. 
When  lead  is  heated  in  air,  it  is  oxidized  to  lead  oxide. 
The  white  smoke  formed  when  phosphorus  bums  in  air 
(cf.  §  25)  is  called  phosphorus  oxide.  When  coal  and 
charcoal,  which  consist  chiefly  of  carbon,  are  burned, 
the  oxide  formed  is  called  carbon  dioxide  (cf.  §37).  In 
this,  as  in  sulphur  dioxide j  the  syllable  '^  di,"  meaning 
two  J  is  put  before  "  oxide." 

33.  Why  Does  Paint  Harden  ?  —  What  has  paint  to 
do  with  oxidation  ?    Perform  the  following  experiment : 

Wet  the  inside  of  a  test  tube  with  linseed  oil  and  then  let  most  of 
the  oil  drain  out  of  the  tube.    Now  set  the  test  tube  upside  down  in 
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a  dish  of  linseed  oil  (Fig.  24)  and  leave  it  for  a  day  or  two.  'The  oil 
will  rise  part  way  up  the  tube  and  then  stop ;  why?  What  substance 
does  linseed  oil  take  out  of  the  air? 

Common  paint  consists  of  linseed  (flaxseed)  oil  and 
turpentine,  mixed  with  '*  white  lead  "  or  "  zinc  white  " 
and  perhaps  a  colored  substance.  White  lead  and  zinc 
white  are  used  to  give  the  paint  '*  body/'  or  "  covering 

power/'     The  turpentine  not  only  thins 
^^  the  paint,  but  assists  in  drjdng  the  oil. 

When  paint  dries,  its  linseed  oil  is 
oxidized  by  the  air  to  a  hard  gum  which 
does  not  dissolve  in  water  and  so  resists 
the  "  washing  ''  of  the  rain ;    this  gum 


^^^^^^^  forms  a  durable  coating  for  the  outside  of 


a  house  as  well  as  for  mside  woodwork. 

Fro.  24.  —  Lin- 
seed oil  unites  with        Considerable  heat  is  given  off  as  paint  dries ; 

the  oxygen  of  the    ^gnce  heaps  of  painters'  cloths  sometimes  take  fire 

air  in  the  test  tube.       .,,.,.  ,  m,  , 

What  gas  remains?  Without  our  knowing  why.    The  phenomenon  is 

called  spontaneous  combustion,  or  spontaneous  igni- 
Hony  because  it  seems  to  take  place  "  of  itself."  But  it  is  a  case  of 
oxidation  as  truly  as  the  burning  of  a  match.  Cloths  containing 
linseed  oil  or  paint  should  never  be  left  about  a  building  except  in 
covered  metal  boxes  or  cans. 

34.  What  are  Rusting  and  Decay? — Do  you  sup- 
pose that  rusting  has  anything  to  do  with  oxidation? 
Carry  out  this  experiment : 

Wet  the  inside  of  a  test  tube  with  water  and  drain  off  most  of  the 
water.  Then  put  some  iron  filings  into  the  moist  tube  and  shake  them 
around  in  the  tube.  Pour  out  the  filings  that  do  not  stick  to  the  tube. 
Now  set  the  test  tube,  mouth  downward,  into  a  dish  of  water  and 
let  it  stand  for  a  day  or  two.    What  happens?    The  iron  rusts  and 
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at  the  same  time  water  rises  into  the  tube.    Finally  no  further  change 
takes  place.    What  does  the  iron  take  out  of  the  air  of  the  tube? 

Iron  rust  is  iron  oxide;  the  rusting  of  iron  is  really  the 
slow  oxidation  of  iron.  Heat  is  given  off,  as  in  the  burn- 
ing of  iron,  but  so  slowly  that  we  cannot  usually  notice 
it.     Many  other  metals  tarnish,  or  rust,  in  the  air. 

Decay.  —  What  becomes  of  the  dead  bodies  of  animals  and  plants 
and  of  dead  leaves,  wood,  and  fruit  ?  We  say  they  "  decay  "  or  "  rot." 
Decay  is  another  case  of  alow  oxidation.  Some  kinds  of  the  tiny 
plants  we  call  bacteria  (cf .  §  204)  bring  about  the  decay ;  they  use  up 
oxygen  in  doing  so. 

Have  you  ever  seen  a  "  hotbed,"  in  which  vegetables  may  be  grown 
during  the  winter  or  in  early  spring?  The  hotbed  is  a  large,  shallow 
box  with  a  glass  cover;  the  lower  part  of  the  box  is  surrounded  by 
manure.  The  heat  given  off  by  the  decay  of  the  manure  keeps  the 
ground  and  air  inside  the  box  warm,  so  that  vegetables  can  be  grown 
there  even  in  freezing  weather. 

Thus  we  see  that  oxygen  is  not  only  the  supporter  of  combustion, 
but  the  world's  great  purifier.  It  turns  the  remains  of  former  life 
into  harmless  substances,  so  that  the  life  of  the  present  time  may 
have  a  better  opportunity. 

36.  Exercises.  —  1.  What  names  should  you  give  to  the  substances 
formed  when  tin  and  zinc  burn  in  the  air? 

2.  What  substance  is  used  to  polish  stoves?    Why? 

3.  What  metals  are  used  to  cover  iron  to  keep  it  from  rusting? 
What  is  "  galvanized  "  iron? 

4.  Why  is  the  soil  in  some  places  red? 

5.  Of  what  are  "  tin  "  dishes  made?    Test  one  with  a  magnet. 

6.  Examine  an  old  washboard;  what  is  the  color  of  zinc  rust? 
Why  is  zinc  used  for  washboards  instead  of  iron  or  copper? 

7.  Covering  wood  with  an  oxide  protects  it  against  fire.    Why? 

8.  Let  an  empty  "  tin  "  can  rust  without  losing  any  material.  Does 
the  rusted  can  weigh  less,  or  more,  than  the  original  can?    Why? 
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36.  Why  Do  Some  Substances  Char?  —  Have  you 
thought,  as  we  studied  about  fire  and  oxidation,  how 
strange  it  is  that  the  active,  colorless  gas  oxygen  is  hidden 
away  in  the  red  iron  rust  and  the  white  potassium  chlorate, 

and  is  hidden  so  successfully  that  we 
would  never  guess  that  it  is  there,  until 
we  study  science  ?  Well,  the  oxygen  is  no 
more  skillfully  hidden  than  is  carbon,  the 
black  soUd  that  we  see  in  coal  and  in  the 
"  black  lead,''  or  graphite,  of  our  pencils. 
Is  it  easy  for  you  to  beUeve  that  the 
brilUant  diamond,  the  hardest  substance 
known  to  man,  is  made  up  of  the  same 
black  carbon  that  is  present  in  coal  ?  Yet 
this  is  true;  the  diamond  is  nearly  pure 
carbon. 

But  there  are  more  common  hiding 
places  for  carbon  than  in  diamonds.  Light 
a  match  or  splinter,  and  after  a  few  seconds  blow  it 
out  and  examine  the  partly  burned  end.  The  end  is 
now  a  black  substance,  no  longer  wood;  we  call  it 
charcoal.  Charcoal  is  a  form  of  carbon.  If  we  heat 
wood  in  a  deep  dish,  such  as  a  test  tube  or  a  baking- 
powder  box  (Fig.  25),  and  apply  a  burning  match  to 
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FiQ.  25.  — The 
baking-powder 
box  has  a  hole  in 
its  cover.  When 
the  box  is  heated, 
a  combustible  gas 
escapes  through 
the  hole ;  this  gas 
comes  from  the 
wood. 
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the  open  end  of  the  dish,  we  find  that  the  heated  wood  is 
giving  off  a  gas  that  can  be  set  on  fire.  When  the  heating 
is  over,  charcoal  remains.  When  soft  coal  is  heated  in 
the  same  way,  coke  remains. 

Nearly  all  plant  and  animal  substances  behav&  like  wood :  when 
they  are  heated,  they  char,  or  "  turn  to  carbon."  This  is  a  abort  way 
of  saying  that  heating 
breaks  up  the  dehcatc  sub- 
stances formed  by  animals 
and  plants;  that  a  large 
portion  of  these  substances 
escapes  as  a  gas,  but  that 
a  part  remains  behind  as 
soUd  carbon. 

Men  make  charcoal  on 
a  large  scale  (Fig.  26)  by 
piling  wood  in  heaps,  cov- 
ering the  heaps  with  sod, 
and  setting  the  wood  on 
fire.     Small    openings  are 
left  to  allow  a  httle  air  to  enter  and  the  gases  to  escape.    The  part 
of  the  wood  that  burns  gives  off  the  heat  which  is  needed  to  drive  off 
the  gases  from  the  wood  that  is  near  it.     This  is  exactly  what 
happens  in  the  half-bumcd  match. 

If  a  ton  of  wood  were  "  turned  into  charcoal,"  would 
the  charcoal  weigh  more  or  less  than  a  ton?     Why? 

37.  What  Is  Fonned  When  Carbon  Bums?  —  We  are 
now  ready  to  see  how  carbon  bums  in  air  or  oxygen  and 
to  learn  what  substance  is  formed.  Fasten  a  piece  of 
charcoal  to  a  wire,  or  hold  it  in  a  combustion  spoon 
{cf.  Fig.  23,  §  31)  and  heat  the  charcoal  until  it  glows. 
If  we  then  hold  it  in  a  bottle  of  oxygen,  the  charcoal 
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bums  with  a  brilliant  light,  much  more  fiercely  than  in 
air.  After  the  charcoal  glow  has  gone  out,  put  about  a 
tablespoonf  ul  of  clear  hmewater  into  the  bottle  and  shake 
the  limewater  and  gas  together.  A  strange  thing  hap- 
pens; the  limewater  becomes  white,  or  ''milky/'  The 
milky  appearance  is  caused  by  a  multitude  of  white  parti- 
cles which  are  formed  in  the  limewater.  If  we  let  the 
bottle  stand,  the  particles  settle  to  the  bottom  of  the 
liquid. 

This  interesting  change  took  place  because  the  lime- 
water  found  carbon  dioxide  gas  in  the  bottle  in  which 
carbon  had  been  burned,  and  united  with  this  gas  to  form 
the  white  particles.  Carbon  dioxide  is  formed  when  the 
carbon  burns  in  oxygen,  just  as  iron  oxide  is  formed  when 
iron  bums  in  oxygen  (cf.  §  31).  We  use  limewater  to 
test  for  carbon  dioxide;  that  is,  hmewater  helps  us  to 
know  if  a  gas  is  really  carbon  dioxide  or  something  else. 
For  the  same  reason  we  used  a  glowing  spUnter  to  test 
for  oxygen. 

If  we  bum  wood  and  coal  in  a  bottle  of  oxygen  or  air, 
and  make  the  limewater  test,  we  find  that  carbon  dioxide 
is  formed  in  these  cases  also.  If  we  burn  a  candle  in 
air  or  in  oxygen,  the  same  thing  is  true.  Men  have  even 
burned  diamonds  in  oxygen  and  have  proved  that  they 
produce  carbon  dioxide. 

38.  How  Can  We  Make  Carbon  Dioxide  ?  —  We  have 
already  had  one  answer  to  this  question :  we  can  make 
carbon  dioxide  by  burning  carbon  in  oxygen.  But  if 
we  want  to  use  several  bottles  of  it,  we  can  get  the  gas 
more  easily  by  putting  some  marble  in  a  bottle  and 
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adding  to  it  some  dilute  hydrochloric  acid.  The  marble 
froths  as  the  acid  acts.  The  frothing  is  caused  by  the 
gas  rising  in  tiny  bubbles  through  the  liquid,  just  as 
we  have  white-caps  on  the  lakes  or  ocean  from  the  air 
rising  through  the  waves. 

The  apparatus  is  shown  in  Fig.  27,  6.  The  loi^,  upright  tube  with 
the  rounded  funnel  at  the  top  is  called  a  "  thiatle-tube  "  or  "  safety- 
tube."  Through  it  we  pour  the  acid  upon  the  marble.  We  collect 
the  gas  over  water  (cf .  5  30). 


Instead  of  letting  the  gas  collect  over  water,  we  can  let  it  fall  into 
the  bottom  of  a  bottle ;  it  pushes  the  air  upward  and  out  of  the  bottle 
(Fig.  27,  ffl). 

In  place  of  marble  we  can  use  baking  soda  or  washing  soda,  and  in 
place  of  the  hydrochloric  acid  we  can  uise  vinegar  or  lemon  juice.  We 
do  not  need  the  stopper,  thistle-tube,  and  delivery  tube  at  all ;  but  we 
can  use  a  bottle  with  a  glass  cover  (Fig.  22,  5  30).  If  we  put  marble 
(or  soda)  into  the  bottle,  and  add  the  acid,  the  carbon  dioxide  that  is 
formed  pushes  all  the  air  out  of  the  bottle. 

39.  What  is  Carbon  Dioxide  Like? — Carbon  dioxide 
is  colorless,  like  air  and  oxygen.     But  when  we  put  into 
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the  gas  a  burning  match,  it  acts  differently  from  air  and 
oxvgen.     The  burning  match  is  put  out  instantly.     If  we 

put  some  limewater  into  a  bottle 
of  carbon  dioxide,  the  limewater 
becomes  milky.  If  we  let  the  gas 
bubble  through  limewater,  the  same 
change  takes  place. 


Fio.  28.  —  Carbon  dioxide 
can  be  poured  like  water. 


We  can  perform  a  number  of  very  in- 
teresting experiments  with  carbon  dioxide; 
here  is  one  of  them.  Into  the  bottom  of 
a  drinking  glass  or  a  fruit  jar  put  a  short 
piece  of  candle  and  light  it  (Fig.  28). 
Then  hold  ove^;'  the  glass,  or  jar,  a  bottle 
of  carbon  dioxide  and  pour  the  invisible 

gas,  just  as  if  you  were  pouring  water.    The  gas  falls  upon  the 

candle   flame   and   puts   it   out.    If  you  can  pour  carbon  dioxide 

downward,    is   it    heavier,    or    hghter, 

than  air? 

Another  way  to  learn  whether  carbon 

dioxide  is  a  light  gas  or  a  heavy  one,  is 

shown  in  Fig.  29.    If  we  balance  an  empty 

tin  can  or  paper  bag  upon  the  scales  and 

then  pour  carbon  dioxide  into  it,  the  can 

(or  bag)  sinks ;  this  proves  that  the  car- 
bon dioxide  is  heavier  than  air.    If  we  turn 

the  vessel  upside  down,  the  gas  falls  out, 

and  the  scales  become  balanced  once  more. 

Fig.    29.  —  A    vessel   filled 
40.     Why      Does     Soda     Water    ^^^h    carbon    dioxide    weighs 
v«  <*«i#«*  ^        n  more  than  when  full  of  air. 

Foam,  or  Effervesce?  —  Suppose 

we  make  an  imitation  of  soda  water.  Let  us  put  into 
a  pop-bottle,  or  some  other  kind  of  bottle  that  we 
can   stopper   tightly,   a   tablespoonful  of  baking  soda, 
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enough  water  to  half  fill  the  bottle,  and  three  or  four 
teaspoons  of  lemon  juice,  or  vinegar,  or  dilute  hydro- 
chloric acid.  We  must  stopper  the  bottle  at  once  after 
adding  the  acid. 

At  first  the  liquid  froths,  or  effervesces,  as  the  carbon 
dioxide  bubbles  through  it.  But  in  a  short  time  the 
frothing  stops  almost  entirely.  The  carbon  dioxide  cannot 
escape,  and  is  therefore  compressed ;  in  this  compressed 
state  it  dissolves  more  easily  in  the  liquid.  But  when 
we  open  the  bottle,  especially  when  we  pour  the  liquid 
out  into  a  glass,  we  notice  a  strong  frothing.  As  the 
pressure  on  the  carbon  dioxide  is  now  released,  the  gas 
can  escape  from  the  liquid. 

Beneath  the  surface  of  the  ground  there  are  both  water  and  carbon 
dioxide.  They  are  under  greater  pressure  than  at  the  surface,  because 
of  the  rock  above  them.  For  this  reason  more  carbon  dioxide  can 
dissolve  in  underground  water  than  in  water  at  the  surface.  When 
water  charged  with  a  great  deal  of  carbon  dioxide  reaches  the  surface, 
as  in  some  springs,  it  effervesces  like  soda  water.  We  call  such  springs 
"  carbonated  "  springs. 

41.  How  Does   Carbon  Dioxide  Put  Out  Fires?  — 

When  you  saw  that  carbon  dioxide  could  be  poured  upon 
a  burning  candle,  did  the  idea  come  to  you  that  we  might 
use  this  gas  to  put  out  a  fire  ?  Men  had  this  idea  years 
ago  and  have  used  it  in  fire  extinguishers.  In  the  ordi- 
nary "  chemical ''  fire  engine,  such  as  is  used  to  protect  a 
school  building  or  a  factory  (Fig.  30),  the  carbon  dioxide 
is  formed  from  the  action  of  baking  soda  with  an  acid. 
The  baking  soda  is  dissolved  in  water  and  the  solution 
is  kept  in  a  metal  tank.    A  bottle  of  sulphuric  acid  is 


48 


JUNIOR  SCIENCE 


fastened  in  the  upper  part  of  the  tank.  When  we  turn 
the  tank  upside  down,  the  acid  is  spilled  out  of  the  bottle 
and  acts  with  the  soda,  forming  carbon  dioxide.  The 
pressure  of  the  carbon  dioxide  forces  out  some  of  the 
water  and  carbon  dioxide ;  these  two  put  out  the  fire. 

A  mixture  of  baking  soda  and  dry  sawdust  is  also 
used  to  put  out  fires,   especially  gasoline  fires.    The 

burning  substance  heats  the  soda  and  it 
gives  off  a  large  amount  of  carbon  dioxide. 
The  invisible  carbon  dioxide  covers  the 
burning  body  like  a  blanket  and  keeps  the 
oxygen  away ;  hence  burning  cannot  go  on. 
42.  How  Does  Carbon  Dioxide  Get 
into  the  Air?  —  Do  you  need  any  proof 
that  there  is  carbon  dioxide  in  the  air? 
Then  set  a  shallow  dish  of  limewater  in  the 
air  in  your  schoolroom  and  watch  it  for  an 
hour  or  two.  It  will  become  covered 
with  a  white  crust,  or  scum,  which  con- 
sists of  the  solid  that  makes  limewater 
milky.  The  chemist  calls  this  calcium  carbonate ;  lime- 
stone and  marble  are  natural  forms  of  it. 

How  does  carbon  dioxide  get  into  the  air?  We  have 
learned  that  when  charcoal  bums  in  oxygen,  carbon 
dioxide  is  formed.  When  wood,  coal,  paper,  a  candle, 
gasoUne,  or  any  other  substance  that  contains  carbon,  is 
burned  in  air  or  in  oxygen,  carbon  dioxide  is  formed. 
So  we  see  that  an  enormous  amount  of  carbon  dioxide 
must  get  into  the  air  from  all  ordinary  burning. 

Carbon  dioxide  gets  into  the  air  not  only  from  burning, 


Fig.  30.  —  A 
fire  extinguisher. 
The  liquid  in  the 
tank  is  a  solution 
of  soda.  The 
bottle  at  the  top 
contains  sulphu- 
ric acid. 
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but  also  from  the  breathing,  or  respiration,  of  animals 
and  plants.  You  can  readily  prove  that  you  yourself 
breathe  out  a  great  deal  of  carbon  dioxide,  by  blowing 
your  breath  through  Umewater  (Fig.  31).  The  lime- 
water  will  become  very  milky. 

A  third  way  in  which  carbon  dioxide  gets  into  the  air 
is  by  the  decay  of  such  things  as  wood,  leaves,  and  fruit, 
and  the  bodies  of  dead  animals  (cf.  §34). 
The  carbon  of  the  decaying  substances  is 
changed  chiefly  to  carbon  dioxide,  which 
enters  the  air  just  as  if  the  substance  had 
been  burned. 

43.  How  Is  Carbon  Dioxide  Removed 
from  the  Air? — What  becomes  of  all 
the  carbon  dioxide  that  is  poured  into 
the  air?  It  is  given  off  by  every  Uving 
creature,  by  every  fire,  and  by  all  decay. 
Why  does  not  carbon  dioxide  become  so 
plentiful  that  fires  will  no  longer  bum 
and  that  animals  and  plants  will  not  be 
able  to  Uve?  Can  we  answer  this  ques- 
tion by  an  experiment?  The  experiment 
(Fig.  32)  is  to  let  green  plants  y  in  the  presence  of  sunlight y 
act  upon  water  containing  carbon  dioxide. 


Fig.  31.  — 
Blow  your  breath 
through  lime- 
water;  the  lime- 
water  becomes 
"milky"  from 
the  oarbon  di- 
oxide you  exhale. 


First  make  some  carbon  dioxide,  as  in  §  38,  from  marble  chips  and 
an  acid.  Half  fill  a  large,  small-mouthed  bottle  with  water  and  drive 
out  the  air  that  remains  by  passing  carbon  dioxide  into  the  bottle 
(the  bottle  to  be  mouth  upward).  Then  stopper  the  bottle  and  shake 
the  water  and  carbon  dioxide  vigorously  together.  In  this  way  you 
can  make  a  great  deal  of  carbon  dioxide  dissolve  in  the  water. 
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Into  a  deep  glass  jar  ("  battery  jar  ")  place,  upside  down,  a  large 
funnel  filled  with  spinach  or  parsley;  then  almost  fill  the  jar  with 
the  carbonated  water.  The  stem  of  the  funnel  must  be  entirely  under 
water.  Now  fill  a  test  tube  with  water,  close  its  mouth  with  your 
thumb,  set  the  test  tube  mouth  downward  into  the  battery  jar,  and 
slip  it  carefully  over  the  stem  of  the  funnel.  Then  set  the  whole 
apparatus  in  bright  sunlight  for  an  hour  or  two. 

If  you  watch  carefully,  you  will  find 
that  bubbles  of  gas  rise  into  the  test 
tube.  When  enough  gas  has  been  col- 
lected, remove  the  test  tube  carefully  from 
the  funnel,  close  the  tube,  under  water, 
with  your  thumb,  and  then  turn  the  tube 
right  side  up.  Now  find  out  what  the 
gas  is  by  putting  into  it  a  splinter  with 
a  glowing  tip.    The  gas  is  oxygen. 


Oxygen 


Water 


Carbonated 
Water 


Leaves 

Fig.  32.  —  When  green 
leaves  act  on  carbonated  water 
in  the  sunlight,  they  break 
up  the  carbon  dioxide  and 
set  oxygen  free. 


Does  this  experiment  help  us 
to  answer  our  question  as  to 
how  carbon  dioxide  is  removed 
from  the  air  ?  The  answer  is  that 
green  plants  use  up  carbon  dioxide 
and  give  back  oxygen  to  the  air.  Thus,  in  spite  of  all 
the  ways  in  which  oxygen  is  used  up,  we  still  have  it  in 
the  air. 

How  is  the  carbon  dioxide  removed  in  winter?  Does 
all  the  earth  have  winter  at  the  same  time  ? 

44.  How  Do  Plants  Help  Animals  ?  —  In  thinking  of 
the  ways  in  which  plants  help  animals,  we  must  consider 
that  plants  are  not  only  the  food  of  animals,  but  that 
they  prepare  and  purify  the  air  for  the  use  of  the  animals, 
as  we  have  just  learned.  This  careful  balance  between 
the  action  of  plants,  which  remove  carbon  dioxide  from 
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the  air  and  give  back  oxygen,  and  the  action  of  the  ani- 
mals, which  do  the  opposite,  is  one  of  the  most  interest- 
ing facts  man  has  discovered.  You  can  study  this  bal- 
ance in  an  aquarium.  If  you  have  some  small  animals, 
such  as  goldfish,  in  the  aquarium,  and  the  right  quantity 
of  water  plants,  the  water  will  not  grow  stale,  but  the 
plants  will  use  up  the  carbon  dioxide  given  off  by  the 
animals  and. will  return  the  oxygen  to  the  animals  for 
their  futiu'e  use. 

45.  Exercises.  —  1.  How  may  a  stove  make  the  air  of  a  room  unfit 
to  breathe?    Is  there  any  danger  in  sleeping  in  a  room  having  a  stove? 

2.  When  soda  is  put  with  tomatoes,  a  foaming  takes  place ;  why? 

3.  If  a  candle  is  lowered  into  an  old  well  and  goes  out,  what  gas 
may  be  in  the  well?  How  did  it  get  there?  Should  a  man  go  into 
such  a  well? 

4.  Is  there  any  soda  in  soda  water?    What  causes  its  frothing? 

5.  Name  six  white  substances  which  are  partly  made  up  of  carbon. 
Name  two  transparent  ones. 

6.  Coal  and  diamonds  are  each  largely  carbon;  why  the  great 
difference  in  their  values? 

7.  If  you  have  a  bottle  of  oxygen  and  one  of  carbon  dioxide  and 
neither  bottle  has  a  label,  how  can  you  tell  which  is  which? 

8.  Would  a  carbon  dioxide  fire  extinguisher  work  better  with  a  fire 
near  the  floor  or  with  one  near  the  ceiling? 


CHAPTER  VII 

THE  AIR  WE  BREATHE 

46.  Why  Do  We  Breathe  ?  —  Have  you  ever  thought 
of  the  interestmg  act  we  call  breathing  and  asked  your- 
self how  and  why  we  breathe  ?  Of  course  all  of  us  know 
what  breathing  is.  It  is  the  taking  of  outside  air  into 
the  lungs  and  then  expelUng  the  used  air  from  the  lungs. 
Is  air  changed  by  breathing?  To  answer  this  question^ 
carry  out  the  following  experiment : 

Provide  a  bottle  with  a  cardboard  cover  and  make  a  hole  in  the 
cover.  Put  a  glass  tube  or  lemonade  "  straw  "  through  the  hole  and 
into  the  bottom  of  the  bottle.  Hold  your  breath  as  long  as  possible 
and  then  blow  it  through  the  tube  into  the  bottle.  Now  test  the 
air  in  the  bottle  with  a  burning  stick.  Does  the  stick  continue  to 
bum?    What  has  the  air  lost?    What  has  it  gained? 

Men  have  found  that  while  the  air  which  rushes  into 
the  lungs  is  more  than  one-fifth  oxygen  and  contains 
very  little  carbon  dioxide,  the  air  which  leaves  the  lungs 
has  lost  a  part  of  its  oxygen  and  has  gained  carbon 
dioxide.  Thus  we  see  that  not  only  in  supporting  fire  is 
oxygen  used  and  carbon  dioxide  formed,  but  also  in  sup- 
porting Ufe. 

Why  then  do  we  breathe  ?  The  answer  seems  to  be  to 
get  oxygen  into  the  body  and  to  remove  carbon  dioxide 
from  the  body.     We  must  remember,  too,  that  the  oxygen 
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we  breathe  does  not  stop  in  the  lungs,  but  passes  through 
the  walls  of  the  lungs  into  the  blood  vessels ;  it  is  then 
carried  by  the  blood  to  all  parts  of  the  body.  The  whole 
process  by  which  oxygen  gets  to  the  cells  of  the  body  is 
called  respiration. 

A  grown  man  takes  into  his  lungs  about  350  cubic  feet 
of  air  in  a  day.  How  much  of  this  is  oxygen?  "  Why/' 
you  will  ask,  *'  do  we  need  to  take  in  so  much  oxygen?  " 
The  answer  is  that  we  need  oxygen  to  oxidize  the  food 
we  eat.  The  digested  food,  like  the  oxygen,  is  carried 
by  the  blood  to  all  parts  of  the  body.  The  oxidation  of 
our  food  is  a  change  somewhat  like  the  burning  of  coal 
ifl  a  stove;  at  any  rate,  it  produces  heat,  and  carbon 
dioxide  is  formed,  just  as  when  a  candle  bums  in  a  bottle 
of  air  (cf.  §  24).  It  is  only  by  the  oxidation  of  our  food 
that  we  get  the  power  to  move  and  to  do  work.  The 
heat  produced  by  this  same  oxidation  keeps  our  bodies 
at  about  98.6°  Fahrenheit,  winter  and  summer,  as  long 
as  we  are  well. 

Water  animals  need  oxygen  to  oxidize  their  food  and  make  move- 
ment possible,  just  as  land  animals  do.  Such  creatures  as  fishes,  clams, 
and  tadpoles  depend  upon  the  oxygen  dissolved  in  the-  water  in  which 
they  live.  Their  gills  act  in  place  of  our  lungs  in  taking  up  oxygen 
and  giving  off  carbon  dioxide. 

47.  Why  Do  We  Need  Ventilation?  —  Do  you  know 
what  ventilation  means?  It  comes  from  a  word  mean- 
ing ''  wmd,''  and  means  the  bringing  of  fresh  ah-  into  our 
houses  and  the  taking  out  of  the  used  air.  Do  you 
realize  how  bad  it  is  to  breathe  the  same  air  over  and  over 
again  ?    Doctors  know  that  people  who  have  good  health 
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in  warm  weather,  when  they  keep  their  doors  and  win- 
dows open,  have  colds  and  other  troubles  of  the  nose, 
throat,  and  lungs  almost  as  soon  as  cold  weather  comes 
and  their  houses  are  tightly  closed.  The  sealing  up  of 
the  openings  keeps  the  fresh  air  out  and  the  foul  air  in. 
This  is  especially  true  when  storm  windows  and  weather 
strips  are  used  to  "  keep  out  the  cold.'' 

It  has  been  calculated  that  in  one  hour  a  healthy  man  makes  about 
4000  cubic  feet  of  air  unfit  to  breathe.  This  means  that  if  one  man 
were  put  into  a  perfectly  tight  room  20  feet  square  and  10  feet  high, 
he  alone  would  make  the  air  bad  in  one  hour.  Of  course  rooms  are 
not  air-tight  and  so  a  good  deal  of  fresh  air  gets  in  through  cracks 
around  doors  and  windows,  even  when  we  do  not  try  to  ventilate. 
Schoolrooms,  since  they  have  a  large  number  of  persons  in  a  small 
place,  need  special  care  to  make  them  safe.  According  to  a  Massa- 
chusetts law,  each  pupil  should  get  at  least  1800  cubic  feet  of  air  every 
hour.  If  a  person  coming  in  from  out  of  doors  notices  that  the  room 
has  an  odor,  the  air  has  been  breathed  too  often.  The  class  work  in 
such  a  room  is  probably  dull  and  slow. 

48.  Fresh  Air  and  Tuberculosis.  —  Most  of  us  prob- 
ably know  some  one  who  has,  or  has  had,  tuberculosiSy 
or  "  comsumption.'^  It  is  called  the  *^  Great  White 
Plague,''  because  it  causes  the  death  of  so  many  people. 
Persons  suffering  from  this  disease  are  now  generally 
given  the  fresh-air  treatment.  They  hve  in  tents  in 
the  open  air,  winter  and  summer,  day  and  night.  Of 
course  they  must  be  warmly  clothed  and  must  have  very 
noiu-ishing  food.  Nearly  all  who  begin  the  fresh-air 
treatment  when  they  are  first  attacked  by  the  disease 
are  able  to  cure  themselves.  Many  healthy  persons  keep 
themselves  well  by   sleeping  out  of  doors  winter  and 
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siiminer.    This  "  deeping-out "  gives  the  lungs  every 
chance  for  fresh  air. 
49.  How  Do  We  Ventilate  Our  Houses?  —  Do  you 

want  to  know  how  our  houses  are  ventilated  naturally? 
Then  carry  out  this  simple  experiment : 

Open  the  door  leading  from  a  warm  room  into  a  cold 
one  and  hold  a  Ughted  match  near  the  top  of  the  door- 
way. You  will  find  that  the  match  flame  is  blown  from 
the  warm  room  toward  the  cooler  one.  Now  hold  the 
match  near  the  bottom  of  the  doorway ;  the  match  flame 
is  blown  from  the  colder  toward  the  warmer  room.  The 
flame  shows  us  how  the  invisible  air  currents  are  moving. 
Cold  air  flows  in  at  the  bottom  of  the  room  to  take  the 
place  of  the  warmer  air  which  rises  and  flows  out  at  the 
top.  The  reason  for  this  has  already  been  learned  (cf. 
§  12).  When  air  is  warmed  it  expands,  so  that  a  cubic 
foot  of  warm  air  will  weigh  less  than  a  cubic  foot  of  cold 
air.  You  have  probably  all  seen  the  hot-air  toy  balloons 
that  are  sent  up  in  the  evening  celebration  of  the  Fourth 
of  July.  A  wick  soaked  in  kerosene  is  fastened  at  the 
bottom  of  the  balloon,  which  is  open.  The  burning  wick 
heats  the  air  that  rises  into  the  balloon  and  the  balloon 
becomes  filled  with  warm  air.  As  the  balloon  full  of 
warm  air  is  lighter  than  if  filled  with  cool  air,  it  rises, 
just  as  a  cork  would,  if  you  were  to  let  go  of  it  under 
water. 

Natural  ventilation  is,  then,  the  method  of  ventilating 
which  depends  upon  the  entrance  of  cold  air  at  the 
bottom  of  a  room  and  the  leaving  of  warm  air  above. 
You  see  that  natural  ventilation  must  work  better  in 
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winter  than  in  summer,  because  in  winter  there  is  such 
a  great  difference  between  the  temperatures  inside  and 
outside  the  house.  Weather  strips,  storm  doors,  and 
storm  windows  are  really  used  to  prevent  ventilation 
and  to  hold  the  warm  air  inside  the  house. 

60.  How  Can  We  Ventilate  Our  Bedrooms?  —  Not 
only  the  living-rooms  of  the  house,   but  also  the  bed- 

rooms,  need  to  be  ventilated  with  great 

care.  Rooms  used  in  the  daytime  are 
sure  to  have  a  good  deal  of  fresh  air 
brought  into  them  by  the  opening  of 
doors  as  people  go  in  and  out.  But 
there  is  very  little  chance  for  a  closed 
bedroom  to  get  fresh  air.  So  we  shoxild 
have  at  least  one  window  open  every 
night  and  the  room  should  be  thor- 
oughly aired  during  the  day. 


Fig.  33.  —  A  board 
with  boxed  holes  allows 
air  to  enter  and  leave 
a  room  even  in  stormy 
we«,ther. 


Because  a  bedroom  is  kept  cold  does  not 
mean  that  the  air  is  pure;  cold  air,  if  not 
changed  often,  may  be  just  as  foul  as  wann 
air.  It  is  a  good  plan,  if  the  weather  is  too 
stonny  to  allow  a  window  to  be  open  from  the  bottom,  to  lower  the 
upper  sash  part  way.  The  opening  at  the  top  and  the  space  between 
the  sashes  make  the  two  openings  needed  for  the  movement  of  air.  If 
a  board  with  boxed  holes  (Fig.  33)  is  put  under  the  lower  sash,  the 
air  will  enter  through  the  holes  and  pass  out  between  the  sashes. 

The  air  of  our  houses  becomes  unfit  to  breathe,  not  so  much  be- 
cause it  contains  impurities  as  because  it  is  not  in  motion. 

61.  How  to  Ventilate  the  Schoolroom.  —  If  a  school- 
room depends  upon  natural  ventilation,  how  shall  we  venti- 
late it  ?     Shall  we  have  several  windows  each  open  a  little, 
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or  one  open  a  great  deal  ?  If  we  try  the  results,  we  shall 
find  that  one  window  opening  gives  stray  currents  of  air 
(drafts) ;  while  several  small  openings  will  give  just  as  much 
circulation,  but  no  person  will  feel  a  draft.  The  openings 
should  be  on  the  side  of  the  building  opposite  the  wind. 

When  a  stove  is  used  to  heat  a  room,  air  currents  are 
made  by  the  stove.  As  the  air  near  the  stove  is  heated, 
it  rises  and  flows  away  along  the  ceiling ; 
at  the  same  time  the  cold  air  moves  along 
the  floor  toward  the  stove,  to  be  heated 
in  its  turn. 

If  a  stove  "  drum  ''  is.  used  (Fig.  34), 
it  protects  the  persons  near  the  fire  from 
too  great  heating  and  sets  up  stronger 
currents  than  the  stove  alone.  The  cold 
air  comes  from  the  farthest  comers  of  the 
room,  is  heated,  rises,  and  flows  back  to 
the  comer  from  which  it  came.  In  this 
way  the  room  is  heated  and  ventilated 
evenly. 
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Fig.  34. —  Such 
drums  as  these 
were  used  to  help 
heat  and  ventilate 
the  barracks  of  our 
training  camps. 


In  large  school  buildiags  the  heating  and  ventilating  are  done 
together  by  what  is  called  forced  ventilation.  One  method  is  to  force 
fresh  air  over  steam  by  means  of  rotating  fans  in  the  basement.  After 
the  air  has  been  heated,  it  is  forced  into  the  schoolroom.  The  impure 
air  escapes  through  openings  in  the  walls  or  ceiling.  Sometimes  the 
impure  air  is  removed  from  the  room  by  means  of  rotating  fans  and 
warm  fresh  air  is  brought  in  through  small  holes  near  the  floor.  Find 
out  how  your  school  buildiug  is  ventilated. 

62.  Do  We  Need  Moisture  in  the  Air  ?  —  Do  you 
remember  days  when  the  air  was  "  sticky ''  and   the 
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perspiration  did  not  evaporate?  If  you  were  to  ask  a 
scientist  what  is  the  trouble  on  such  days,  he  would 
tell  you  that  there  is  too  much  moisture  in  the  air.  Then, 
on  other  days,  the  moisture  of  the  skin  evaporates  too 
rapidly  and  leaves  the  skin  parched  and  dry.  The  reason 
in  this  case  is  that  on  these  days  the  air  holds  too  little 
moisture  and  so  takes  it  up  from  everything  that  con- 
tains it*  including  our  skin  and  the  linings  of  the  nose, 
throat,  and  lungs.  When  our  houses  are  closed  up  in 
the  winter  and  heated  to  the  temperature  of  siunmer, 
the  amount  of  moisture  present  in  the  air  of  the  house  is 
almost  sure  to  be  too  small,  because  the  cold  air  which 
enters  has  its  power  of  taking  up  moisture  greatly  in- 
creased by  being  warmed.  Breathing  of  this  warm,  dry 
air  makes  it  very  easy  for  us  to  "  catch  cold/'  People 
who  have  studied  ventilation  say  that  the  amount  of 
moisture  in  a  room  should  be  so  great  that  some  of  it 
will  be  deposited  as  dew  and  frost  on  the  windows  in 
cold  weather.  Rooms  which  are  heated  by  steam  or 
hot  water  should  also  have  the  air  moistened  by  pans 
full  of  water  near  the  radiators.  Hot-air  furnaces  have 
pans  for  water ;  these  should  be  kept  full. 

63.  How  Do  We  Breathe  ?  —  People  often  think  that 
in  some  way  we  ^'  suck  ''  air  into  the  lungs.  This  is  not 
true.  What  happens  is  that  as  we  allow  the  muscles  of 
the  chest  to  become  loose,  or  relaxedy  the  lung  cavity  be- 
comes larger.  The  pressure  of  the  air  in  the  lungs  is 
then  less  than  the  pressure  of  the  air  outside;  so  the 
outer  air  rushes  into  the  lungs.  When  the  chest  muscles 
contract,  and  become  shorter,  they  make  the  limg  space 
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smaller.  Part  of  the  air  is  thus  forced  out  of  the  lungs. 
Our  regular  breathing  is  caused  by  the  regular  con- 
tracting and  relaxing  of  the  chest  muscles.  We  shall 
leam  more  about  breathing"  in  Chapter  XXXVIII. 

64.  Proper  and  Improper  Breathing.  —  We  learned  in 
the  beginning  (cf.  §  5)  that  science  should  help  us  to  live 
healthy  lives.  One  way  in  which  it  does  this  is  in  ex- 
plaining the  importance  of  fresh  air  and  good  methods 
of  breathing.  The  air  goes  through  the  nose,  throat,  and 
windpipe  before  it  enters  the  lungs.  If  the  nose  is 
healthy,  the  air  is  filtered  from  dust  and  the  germs  which 
cling  to  the  dust.  It  is  also  warmed.  If  we  breathe 
through  the  mouth,  the  purifying  and  warming  effect 
of  the  nose  passages  is  lost  and  we  are  much  more  likely 
to  have  diseases  of  the  throat  and  lungs.  Mouth  breath- 
ing may  be  just  a  bad  habit ;  if  so,  we  should  overcome 
it  at  once.  It  may  be  caused  by  a  stoppage  of  the  nose 
by  colds  or  by  inflammation  of  the  nose  passages.  This 
should  be  cured.  But  mouth  breathing  may  also  be 
caused  by  growths  in  the  throat  (^^  adenoids  "),  which 
partly  close  the  opening  from  the  nose  into  the  throat. 
These  should  be  removed  by  a  physician,  for  they  may 
cause  not  only  mouth  breathing  and  badly  formed  mouths, 
but  also  deafness.  Children  having  adenoids  often  seem 
to  be  stupid,  when  they  are  really  ill. 

We  should  all  practice  full  breathing,  with  head  and 
shoulders  erect,  so  that  all  parts  of  the  lungs  can  get 
fresh  air.  If  we  must  work  indoors  for  long  periods,  we 
should  go  out  of  doors  or  to  a  window  every  httle  while, 
so  as  to  get  deep  breaths  of  fresh  air. 
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55.  Exercises. —  1.  Watch  a  person  who  breathes  through  his 
mouth;  does  such  breathing  affect  his  appearance? 

2.  How  do  you  ventilate  your  sleeping-room?  How  should  it  be 
ventilated? 

3.  Tell  how  your  schoolroom  is  ventilated. 

4.  What  should  be  done  with  a  child  that  breathes  through  its 
mouth? 

5.  How  should  people  having  tuberculosis  be  treated? 

6.  What  is  the  real  value  of  breathing  exercises? 

7.  Is  there  any  evidence  of  a  greater  amoimt  of  moisture  in  the 
air  of  your  house  on  a  wash  day  than  on  other  dayB?  Tell  what 
happens  and  why. 


CHAPTER  VIII 

HEATING  THE  AIR  OF  THE  HOUSE 

66.  How  Do  We  Heat  the  House?  —  What  do  we 
mean  when  we  say  that  we  "  heat  "  our  houses?  Is  it 
not  that  we  heat  the  air  of  our  houses  and  that  it  is 
through  the  heated  air  that  we  get  heat  to  the  objects  of 
the  house?  When  we  say  that  we  ^'  keep  in  the  heat'' 
and  ''  keep  out  the  cold/'  we  mean  that  we  keep  in,  or 
keep  out,  as  the  case  may  be,  the  heated  or  cold  air. 

67.  Fireplaces.  —  To  heat  their  dwellings  men  have 
used  open  fires,  fireplaces,  stoves,  hot-air  furnaces,  and 
hot-water,  steam,  and  electric  heaters.  The  Indian 
built  a  fire  on  the  floor  of  his  wigwam  and  let  the  smoke 
escape  through  a  hole  in  the  top.  The  Eskimo  uses 
blvbber  (fat  obtained  from  the  whale)  as  the  fuel  to  heat 
his  house,  or  igloo.  You  may  imagine  the  smoke  arid 
odors  of  these  barbarous  fires.  Civilized  man  has  im- 
proved greatly  on  these  methods. 

Nowadays  we  are  hkely  to  think  of  the  fireplace  as 
merely  an  ornament,  but,  it  is  really  very  useful,  no 
matter  how  the  house  is  heated.  It  helps  greatly  in 
ventilating  a  house  (cf.  §§  49  and  60),  for  it  carries  out 
the  air  near  the  floor  and  so  makes  room  for  fresh  air. 

In  the  early  days  of  this  country  all  heating,  both  for  cooking  and 
bakiag  and  for  heating  the  house,  was  done  by  the  fireplace  (Fig.  35). 
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The  andirons  kept  the  fuel  up  from  the  hearth,  so  that  air  currents 
would  be  drawn  through  the  fire.  A  crane  (a  swinging  frame)  could 
be  swung  out  over  the  fire.  From  it,  by  means  of  chains,  the  kettles 
were  himg.  Kettles  were  also  moimted  on  three  legs,  so  that  hot 
coals  could  be  put  under  them.  The  backlog  was  a  large  log  placed 
at  the  back  of  the  fireplace.  The  forestick  was  in  front,  on  the  and- 
irons; between  the  backlog  and  the  forestick  the  smaller  fuel  of  the 

fire  was  piled.  The 
backlog  sometimes 
lasted  several  days. 
Much  of  the  light  as 
well  as  the  heat  for 
the  household  came 
from  the  open  fire 
(cf.  §23). 

68.  Stoves.  — 
The  fireplace  is 
only  an  open  fire, 
such  as  a  bonfire, 
surrounded  with 
a  flue  for 
escape      of 


the 
the 

Fig.  35.  —  Fireplaces  are  put  into  modern  houses     waste  SaseS.      The 
both  for  beauty  and  for  use.  ,     .  r*  '      t 

whole  fireplace 
opening  serves  for  the  entrance  of  fresh  air.  In  a  stove  the 
fire  is  surrounded  closely  on  all  sides.  There  are  dampers 
to  control  the  entrance  of  air  and  a  pipe  to  carry  ofif  the 
waste  gases.  In  place  of  the  andirons,  there  is  a  grate 
to  hold  the  fuel  up,  so  that  air  may  pass  through  it.  In 
a  cookstove  both  the  top  of  the  stove  and  the  oven  must 
be  heated,  hence  the  stove  has  a  ''  back  damper  "  which 
does  not  allow  the  hot,  waste  gases  to  escape  at  once, 
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but  compels  them  first  to  travel  around  the  oven 
and  thus  to  heat  the  oven.  Examine  a  stove  and 
make  out  the  course  taken  by  the  air  that  passes 
through  it. 

69.  How  Does  a  Fire  Warm  Us  ?  -^  Put  a  flatiron  on  a 
hot  stove;  what  happens?  The  iron  becomes  hot  be- 
cause the  heat  of  the  stove  is  passed  over,  or  conducted, 
directly  to  the  iron.  To  touch  the  handle  of  the  flat- 
iron  with  your  hand  would  make  a  painful  bum.  To 
prevent  this  you  use  a  nonconductor  of  heat,  such  as  a 
pad  of  cloth  or  asbestos,  or  a  wooden  handle.  If  you  put 
your  hand  into  warm  water,  the  heat  of  the  water  is 
conducted  to  your  hand.  When  you  put  your  hand  into 
cold  water,  your  hand  gives  heat  to  the  water.  The 
colder  body  or  object  is  warmed  by  conduction.  The 
air  that  touches  a  stove  is  also  warmed  by  conduction. 

But  suppose  you  sit  before  the  fire  of  a  fireplace.  The 
currents  are  all  rushing  toward  the  fire,  so  the  air  is  not 
bringing  heat  to  you.  You  are  not  touching  the  fire- 
place. Therefore  you  are  not  getting  heat  by  conduction. 
How  does  the  heat  get  to  you?  It  would  come  to  you 
whether  you  were  above  the  fire,  or  below  it,  or  on  one 
side,  just  as  the  light  of  a  lamp  does.  We  say  that  the 
heat  of  the  fire,  Uke  the  light  of  a  lamp,  is  radiated  to 
you.  Radiated  is  a  word  coming  from  radius,  meaning 
the  spoke  of  a  wheel.  The  heat  of  the  sim,  as  well  as  its 
light,  comes  to  us  by  radiation  through  space.  There 
are,  then,  two  ways  in  which  heat  can  come  to  us  from  a 
fire :  (1)  by  conduction ;  (2)  by  radiation,  in  the  form  of 
"  heat  rays." 


64 


JUNIOR  SCIENCE 


* 

» 
* 

*  '1 


^  Hot  air  regiaters 


\ 
Cold  air  ret 


60.  Hot-air  Furnace.  —  Sometimes  we  speak  of  the 
way  in  which  air  rises  when  heated  and  falls  when  cooled 
as  a  third  way  of  distributing  heat :  convection  (cf.  §  49). 
You  can  see  that  this  is  really  not  a  new  way  at  all,  be- 
cause in  order  that  there  niay  be  warm  convection  currents 

in  the  air,  the  air  must 
be  heated  by  touching  a 
hot  body  (conduction)  or 
by  means  of  heat  rays 
(radiation) . 

The  hot-air  furnace 
makes  use  of  the  principle  of 
convection  currents.  The 
air  is  heated  in  a  tight 
"drum ''  which  entirely  sur- 
rounds the  firepot  of  the 
furnace.  When  a  fire  is 
burning  in  the  firepot,  air 
currents  are  formed  in  the 
drum.  As  a  result,  warm 
air  rushes  up  through  the 
register,  rises  into  the  room, 
is  cooled,  falls  again,  and  goes  into  the  cold-air  register,  to 
be  taken  back  to  the  drum  to  be  reheated.  You  can  under- 
stand the  hot-air  furnace  better  if  you  will  study  Fig.  36- 
From  time  to  time  fresh,  outside  air  comes  through  the 
"  cold-air  intake  "  and  after  being  heated  is  distributed 
to  the  house. 

Do  you  think  there  are  convection  currents  in  a  re- 
frigerator?   In   order   to   cool   the   whole    refrigerator, 


Fig.  36.  —  A  hot-air  furnace  is  a  fire 
pot  surrounded  by  a  "drum"  in  which 
air  currents  are  formed. 
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where  should  the  ice  be 
placed,  near  the  bottom, 
or  near  the  top  ? 

61.  Heating  by  Hot 
Water.  —  By  examinmg 
a  hot-water  heatmg  sys- 
tem, you  will  find  that  it 
consists  of  radiators  in 
the  rooms  and  a  furnace 
in  the  basement  (Fig.  37). 
The  furnace,  instead  of 
being  surrounded  by  air, 
is  surroimded  by  a 
' '  j  acket ' '  of  water.  How 
is  the  heated  water  made 

.  f  +Vi  -f  ^°'  ^^'  —  ^   hot-water  heatmg    sys- 

t/0   move   irom    tne    water     ^em  depends  upon  the  convection  currents 

jacket   to  the  radiators  in    formed    in   the    water   surrounding   the 

firepot. 

the  rooms 

above?  We  can  carry  out  an  experi- 
ment which  will  help  us  to  imderstand 
this  process  (see  Fig.  38). 

Into  a  glass  dish  (beaker  or  flask)  of  water  put  a 
little  sawdust  and  warm  the  dish  by  means  of  a 
small  flame  placed  under  it.     Follow  the  move- 
ments of  the  sawdust.    Are  there  convection  cur- 
r^  rents  in  the  water?     The  heated  water  acts  like 

P      «g  ^,      heated  air.     It  is  lighter  than  water  of  the  ordinary 

sawdust  helps  us  to    temperature  and  rises  to  take  the  place  of  the 

see  the  convection    cooler  water  at  the  top.     Thus  you  see  that  the 
currents      in      the  ,.  x      •  x  j   u      xu 

water  that  is  being    convection  currents  m  water  are  caused  by  the 

heated.  rising  of  warm  water  and  the  falling  of  the  cold 
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water.    The  cooled  water  of  the  hot-water  heatmg  system  flows 
through  the  return  pipes  to  the  furnace,  to  be  heated  over  again. 

62.  What  is  Steam  Heating?  —  Examine  a  steam- 
heating  system.  In  a  hot-air  furnace,  the  air  is  heated 
and  then  circulated  by  convection  currents.  In  a  hot- 
watef  system,   water   circulates   through   radiators   by 

convection.  In  the 
case  of  steam  heat- 
ing a  new  principle 
comes  into  play,  al- 
though the  steam 
heats  the  pipes  and 
the  heat  is  conducted 
to  the  air  and  radiated 
into  the  air  as  before. 
The  steam-heating 
system  (Fig.  39)  con- 
sists of  a  boiler,  con- 
taining water,  and  a 
furnace  to  give  heat. 
The  fire  in  the  furnace 
not  only  heats  the  water,  but  heats  it  so  much  that  the 
water  boils.  The  water,  then,  is  changed  from  a  liquid  into 
a  gas.  We  call  the  gas ' '  steam. ' '  Steam  is  like  air,  but  with 
this  difference :  the  steam  can  condense  easily  to  a  liquid. 
The  heat  used  to  boil  the  water  is  obtained  from  the 
burning  fuel.  This  heat  is  stored  away  in  the  steam, 
but  it  can  be  gotten  back,  if  the  steam  is  allowed  to  turn 
into  water.  Does  it  seem  strange  that  steam,  when  it 
condenses,  gives  off  heat  ? 


Fio.  39.  —  Steam-heated  houses  get  their 
heat  by  the  condensation  of  steam.  The  heat 
stored  in  the  steam  is  set  free  when  the  steam 
tm'ns  into  water. 
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So  steam  at  100°  C.  could  enter  a  radiator,  and  water, 
also  at  100°  C.  could  leave  it,  and  yet  the  room  could  get 
a  great  deal  of  heat. 

Perform  this  experiment:  In  a  dish  (a  tin  can  or  deep  cup),  heat 
some  water  to  boiling  and  hang  a  thermometer  so  that  the  bulb  is  in 
the  water.  Let  it  boil  for  10  or  15  minutes,  until  a  considerable 
amount  has  boiled  away.  What  has  become  of  it?  From  time  to 
time  during  the  heating,  notice  the  reading  of  the  thermometer.  Does 
the  temperature  change  as  the  water  boils  away?  What  has  become 
of  all  the  heat  that  is  added  after  the  temperature  ceases  to  rise? 
The  answer  is  that  this  heat  is  used  to  change  the  liquid  water  into 
the  gas  form  of  water.  Now  when  the  steam  is  changed  back  to 
liquid  water,  as  it  is  in  the  radiators,  this  heat  appears  once  more, 
and  by  conduction  and  radiation  heats  the  air  of  the  room. 

63.  How  Can  We  Know  the  Temperature  of  the 
House?  —  By  the  temperature  of  any  object  we  mean 
its  degree  of  heat  or  cold.  Of  course  the  nerves  of  the 
skin  tell  us  something  of  temperature,  but  not  accurately 
enough.  If  we  want  to  keep  a  room  warm  to  please  an 
elderly  person,  we  are  likely  to  get  it  too  warm  for  the 
children.  The  best  temperature  for  the  air  of  a  house 
is  said  to  be  68°-70°  F.  Americans  living  in  cities, 
especially  in  apartments,  usually  have  the  rooms  too 
warm  for  health. 

Perform  the  following  experiment  to  see  how  easily  our  sense  of 
temperature  is  deceived:  Have  some  cold  water  in  one  basin,  some 
lukewarm  water  in  another,  some  hot  (not  scalding)  water  in  another. 
Put  one  hand  into  the  cold  water  and  the  other  into  the  hot ;  then  put 
them  both  together  into  the  lukewarm  water.  To  the  cold  hand  the 
lukewarm  water  feels  hot,  to  the  warm  hand  the  lukewarm  water 
will  seem  cold.    Yet  both  are  your  own  hands  in  the  selfsame  basin 
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of  water.  Now  put  your  hands  on  some  oilcloth  and  on  a  rug ;  which 
is  the  colder?  The  oilcloth  seems  colder,  because  it  conducts  heat 
away  from  your  hand,  but  it  has  really  the  same  temperatiu-e,  since 
both  rug  and  oilcloth  are  in  the  same  room  and  exposed  to  the  same 
air.  To  get  an  accurate  temperature,  then,  we  cannot  depend  upon 
our  feelings,  but  must  use  a  thennometer. 

64.  How  Is  a  Thermometer  Made  ?  —  If  you  were 
given  the  problem  of  makmg  an  instrument  to  tell  tem- 
perature,  how  would  you    set    to    work? 
O  W®  have  learned  that  heat  expands  most 

substances,  while  cooling  contracts  them. 
Galileo  used  a  glass  bulb  filled  with  air 
and  a  small  tube  partly  full  of  water 
(Fig.  40).  As  the  air  of  the  bulb  became 
warmer,  it  expanded  and  pushed  the  water 
downward ;   if  the  bulb  was  cooled,  the  air 


Fig.  40.  —  shrank  and  the  water  went  higher  up  the 
^tlj^rmometer^   gl^ss  tube.     So  he  could  tell  whether  the 

temperature  rose  or  fell. 

GaUleo's  thermometer  was  not  very  accurate,  but 
from  it  other  men  got  the  idea  of  measuring  temperature 
by  expansion  and  contraction  of  some  substance.  Fahren- 
heit used  a  glass  bulb,  as  Galileo  did,  but  instead  of  using 
air  in  the  bulb,  he  used  mercury.  This  is  a  liquid  metal 
which  expands  and  contracts,  although  not  as  much  as 
air  and  water  do.  The  tube  must  be  very  small  as 
compared  with  the  bulb.  Sometimes  alcohol,  which 
requires  an  extremely  small  tube,  is  used.  When  the 
thermometer  is  made,  the  bulb  is  blown  on  the  end  of 
the  tube,  and  the  bulb  and  a  little  of  the  tube  are  -filled 
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AVater 


with  mercury.  The  bulb  is  then  heated  until  the  mer- 
cury fills  all  the  tube.  The  open  end  of  the  tube  is 
finally  sealed.  Modem  thermometers  are  ''  graduated/' 
that  is,  marked  in  *^  degrees.''  First  the  bulb  is  put 
into  melting  ice  (Fig.  41,  a),  and  the  place  at  which 
the  mercury  in  the  tube  stops  is  called  the  freezing  point, 
or  32°  F.  Then  the 
bulb  of  the  ther- 
mometer is  put  into 
steam  that  comes  ofif 
from  boiling  water 
(Fig.  41,  6) ;  this  place 
on  the  tube  is  the  boil- 
ing point.  It  is  marked 
212''  F.  Between  the 
freezing  point  and  boil- 
ing point  180  equal 
degrees  are  marked  off 
(Fig.  42). 

65.  The  Two  Ther- 
mometer Scales.  — 
Some  years  after  Fah- 
renheit, another  scientist,  Celsius  (pronounced  Sgl'si-us), 
called  the  freezing  point  0°  and  the  boiling  point  100° 
(Fig.  42).  His  thermometer  is  called  the  Centigrade 
thermometer;  its  abbreviation  is  C.  You  can  see  that 
if  the  mercury  expands  and  contracts  evenly,  and 
if  the  glass  tube  has  the  same  bore,  or  opening, 
throughout  its  length,  we  can  mark  degrees  above  100° 
and  below  0°.    Thus,  if  we  make  a  mark  as  far  above 


Fig.  41.  —  o.  The  "freezing  point"  pf  a 
thermometer  is  obtained  by  putting  the  bulb 
in  melting  ice.  b.  The  "boiling  point"  is 
obtained  by  holding  the  thermometer  in  the 
steam  coming  off  from  boiling  water. 
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100°  as  the  zero  mark  is  below  100°,  the  new  mark  will 

be  200°.     In  this  way  we  can  mark  mercury  thermometers 

up   to  the    temperature   at  which    mercury   boils   and 

down  to  that  at  which  it  freezes.    Why 

would  not  water  be  as  good  as  mercury  for 

a  thermometer? 


1.  Which  is  really  the  colder, 
a  metal  door  knob  or  the  wood  of  the  door  7  Which 
feels  colder?  Why?  Eto  your  woolen  mittens,  or 
your  rubbers,  feel  the  colder,  if  you  have  left  both 
out  of  doors?    Why? 

2.  Why  can  ice  cream  be  carried  in  a  paper 
box  through  heated  air  and  yet  melt  very  little? 
Would  a  tin  box  keep  it  better?    ^Vhy? 

3.  Why  are  houses  built  with  double  walls 
having  an  air  space  between  the  walls? 

4.  Why  is  the  knob  on  the  cover  of  a  teakettle 
made  of  wood? 

5.  Why  does  ice  keep  through  the  summer  when 
packed  in  sawdust? 

6.  If  you  put  the  bowl  of  a  silver  spoon  into  a 
cup  of  hot  water,  the  handle  becomes  hot ;  explain. 
Would  the  handle  of  a  wooden  spoon  become  hot 

Fia.  42.  —  In  too?  Put  an  iron  ("  tin  ">  spoon  and  a  solid  silver 
tJie  Ceutigrade  gpoo^  into  a  cup  of  hot  water  at  the  same  time, 
therraomeler  the    ,fl,  ,  ,    ,        „     ■  ,.   ^  ^i.  n     n     i   ■ 

freeiing  point  is  Which  handle  becomes  hot  the  sooner?  Explam. 
called  0°C.  and  7.  What  method  of  heating  is  Used  in  your  house 
^toiling  poiDt  ^dschool?  Isanythingdonetokeeptheairmoist? 
8.  How  could  you  make  an  air  thermometer? 
9.  Should  steam  pipes  be  put  near  the  floor,  or  near  the  ceiUng, 
in  order  to  heat  the  room  ?  Why?  Where  should  the  cold-brine  pipes 
be  put  in  a  cold-storage  room  in  order  to  cool  the  room?    Why? 

10.  What  are  some  of  the  advantages  and  disadvantages  of  the 
different  heating  systems? 


CHAPTER  IX 

MORE  ABOUT  HEAT 

67.  Are  Heat  and  Temperature  the  Same?  —  What 
is  the  temperature  of  any  object?  We  have  learned 
that  it  is  the  hotness  or  coldness,  or  degree  of  heat,  of 
the  object.  Boiling  water  has  a  temperature  of  lOO''  C. ; 
lukewarm  water  has  a  temperature  of  about  40°  C. ; 
cold  water  has  a  temperature  of  0°  to  lO''  C.  It  makes 
no  difference,  when  you  are  speaking  of  the  temperatm^e 
of  water,  how  much  water  you  have ;  a  cupful  of  boiling 
water  has  exactly  the  same  temperature,  or  degree  of 
heat,  as  a  pailful  has.  But  has  it  the  same  amoimt  of 
heat?  If  you  heat  water  over  a  gas  burner,  which  re- 
quires longer  heating,  the  cupful,  or  the  pailful?  Of 
course,  the  pailful  takes  the  longer  heating.  If  you  used 
the  water  to  warm  yourself,  which  would  give  you  the 
more  heat?  Of  course  the  pailful  would  give  you  the 
more.  In  a  house  heated  by  hot  water,  we  know  that  a 
large  room  requires  a  greater  amount  of  hot  water,  that 
is,  a  larger  radiator,  than  a  small  room  does.  From  all 
these  cases,  we  say  that  the  amount  of  heat  in  a  body 
depends  not  only  upon  the  temperature  of  the  body,  but 
also  upon  the  amount,  or  weight,  of  matter  in  the  body. 

68.  Can  Heat  Be  Measured?  — If  you  want  to  warm 
some  cold  water,  you  can  heat  it  over  a  fire,  or  you  can 
put  some  hot  water  with  it.     Is  there  any  way  of  knpw- 
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ing  just  how  much  hot  water  to  use  m  order  to  heat  the 
cold  water  to  any  given  temperature?  If  you  mix  a 
pound  of  water  at  100°  C.  with  a  pound  of  water  at  O''  C, 
what  will  the  result  be  ?  You  will  have  two  pounds  at 
SO''  C.  If  you  mix  1  pound  at  100°  C.  with  2  pounds  at 
0°  C,  you  will  get  3  pounds  at  33f  °  C.  One  pound  at 
100°  C.  with  3  pounds  at  0°  C.  will  give  4  pounds  at  25°  C, 
and  so  on.  The  cold  water  gains  the  heat  which  the  hot 
water  gives  up. 

There  is  a  great  need  for  a  unit  of  heat,  so  that  we  can  speak  of  the 
quantity,  or  amount,  of  heat,  just  as  we  speak  of  the  amount  of  sugar 
or  iron.  The  amount  of  heat  that  is  needed  to  heat  a  pound  of  water 
through  one  degree,  Fahrenheit,  as  from  32**  F.  to  33"*  F.,  is  called  a 
British  Thermal  Unit  (B.  T.  U.).  The  amount  of  heat  required  to 
heat  1  gram  of  water  through  one  Centigrade  degree,  as  from  15®  C. 
to  16®  C,  is  called  a  calorie.  If  you  put  a  piece  of  hot  iron  into  1  gram 
of  water  and  heat  the  water  from  0®  to  10°  C,  the  iron  adds  10  calories 
of  heat  to  the  water.  If  100  grams  of  water  at  10®  C.  are  put  into  an 
ice  box  and  cooled  to  0®  C,  the  water  gives  off  1000  calories  of  heat  to 
the  ice  box.  Since  food  is  used  to  heat  the  body  and  to  enable  it  to  do 
work,  we  measure  the  value  of  food  in  calories. 

69.  Is  Heat  Needed  to  Melt  Ice  ?  —  What  becomes  of 
the  ice  in  an  ice  box  ?  It  melts.  What  causes  it  to  melt  ? 
Of  course  the  cause  is  the  heat  that  is  given  to  the  ice  by 
the  box  itself,  by  the  air  in  the  box,  and  by  the  food  that 
is  put  into  the  box.  As  these  give  their  heat  to  the  ice, 
they  themselves  are  cooled.  The  amount  of  heat  needed 
to  melt  1  gram  of  ice  is  able  to  heat  80  grams  of  water 
from  0°  C.  to  1°  C. ;  that  is,  80  calories.  It  is  because 
ice  takes  up  so  much  heat  in  being  changed  to  water 
that  it  cools  the  air  in  the  box  (cf.  Fig.  43).    People 
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often  speak  as  though  we  added  "  cold  "  to  the  food. 
Does  ice  conduct  or  radiate  "  cold  "?     When  we  think 
of  the  matter,  we  see  that  cooling  anything  is  not  adding 
"  cold  "  to  it,  but  taking  heat  from  it.     The  food  is 
cooled  because  it  gives  heat  to  the  ice.    By  losing  heat 
the  food  becomes  cold.     If  you  put  enough  chipped  ice 
into  water,  the  water  is  cooled  to 
the  melting  point  of  ice,  that  is,  to 
0°  C.     Of  courae  the  amount  of  ice 
needed    depends    upon  the  weight 
and  temperature  of  the  water. 

The  temperature  at  which  water  freezes 
is  the  same  as  the  temperature  at  which  ice 
melts.  So  we  put  a  thermometer  into  melting 
ice  (cf.  Fig,  41,  S  64)  to  mark  the  "  freezing 
point  "  on  the  thermometer.    The  tempera-       Fia.  43.  —  A  refrigerator 

ture  of  ice  and  the  water  it  forms  by  melting  '^A*^! !"  ""^"^  '""^  ^"'^ 

*'  "  off  heat  tj^  ft»r  currents  aad 

remain  at  0°  C.  until  all  the  ice  is  melted,  to   i™    and    bo    becomea 

In  the  same  way,  when  water  freezes,  the  cooled.    Note  the  arrowa 

ice  and  the  water  remain  at  0°  C.  until  all  t,!^!!^^. 


ts;  also  the  "U-ap" 

the  water  is  frozen.  for  cold  sir. 

70.  How  Does  the  Body  Keep  Its  Heat?  —  First  let 
us  ask  how  the  body  gets  its  heat?  We  learned  in  §  46 
that  the  heat  comes  from  the  oxidation  of  our  food 
(cf.  Fig.  44).  The  excess  of  heat  produced  in  some  oi^ans 
is  given  to  the  blood.  The  blood,  by  circulating  through 
the  body,  makes  the  temperature  of  the  body  nearly  the 
same  everywhere. 

Does  clothing  make  us  warm  or  cool?  You  will  see 
that  when  you  put  on  clothing  in  a  cold  room,  the  cloth- 
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ing  has  the  same  temperature  as  the  room.  But  it  keeps 
your  body  warm  by  preventmg  the  heat  of  the  body 
from  escaping.  If  you  wished  to  keep  a  piece  of  ice  from 
melting,  would  you  wrap  it  in  woolen  cloth,  or  in  cotton 
cloth?  Tramps  put  newspapers  inside  their  coats,  in- 
stead of  putting  on  overcoats.  Why?  Clothing  for 
preventing  the  escape  of  heat  from  the  body  should  be 

of  a  material  which  is  a  noncon- 
ductor of  heat. 

Wool  is  the  best  of  our  com- 
mon materials  for  warm  clothing. 
Woolen  goods  are  made  from  the 
natural  covering  of  sheep,  ani- 
mals which  Uve  through  very  cold 
winters  in  the  open.  The  feathers 
of  birds  keep  the  birds  warm,  not 
because  the  feathers  are  noncon- 
ductors of  heat,  but  because  they 
are  loose.  Did  you  ever  see 
birds  fluff  out  their  feathers  ?  By  doing  so  they  imprison 
a  great  deal  of  air  in  the  meshes  of  the  feathers.  It  is 
this  air  that  is  the  real  nonconductor  and  keeps  the 
bird  warm.  Linen  and  cotton  do  not  hold  so  much  air 
as  wool  and  are  therefore  better  heat-conductors  than 
wool.  They  make  better  clothing  for  summer  than  for 
winter. 

71.  Why  Does  Perspiration  Cool  the  Body?  —  Per- 
form this  experiment:  Wet  your  hands  with  water 
having  the  temperature  of  the  room,  and  wave  them 
rapidly  to  and  fro,  until  the  water  has  evaporated.     Do 


Fig.  44.  —  What  becomes 
of  the  heat  we  obtain  from 
our  food  ? 
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they  feel  warmer  or  cooler?  Also  try  the  foUowmg: 
Put  a  few  drops  of  ether  or  gasoUne  upon  your  hand  and 
blow  over  it  gently  until  the  Uquid  has  evaporated. 
What  sensation  do  you  feel  ? 

From  these  experiments  you  can  see  that  evaporation 
of  Uquids  takes  heat  from  bodies  touching  them  and  so 
causes  the  bodies  to  be  cooled.  This  is  what  perspira- 
tion does  for  our  bodies.  It  is  constantly 
evaporating  from  the  skin,  even  when  we 
do  not  know  it.  If  we  are  very  hot  from 
exercise,  the  perspiration  is  formed  more 
rapidly  than  it  can  evaporate  and  we  have 
''  noticeable  perspiration,"  or  sweating. 
Heat  is  needed  to  produce  evaporation  of 
a  Uquid,  just  as  it  is  to  cause  the  boiling 
of  a  liquid,  although  evaporation  takes 
place  at  a  lower  temperature.  The  heat 
which  is  needed  for  the  evaporation  is 
taken  from  the  body.  The  liquid  is 
changed  into  the  form  of  a  vapor,  or  gas, 
just  as  in  boiUng. 

In  tropical  countries  a  porous  jar  is 
used  to  cool  water.  As  the  water  oozes  out  through  the 
walls  of  the  jar,  it  evaporates,  and  so  cools  the  water  that 
is  left  in  the  jar  (cf.  Fig.  45).  Would  you  say  that  the 
jar  should  be  left  in  a  draft,  or  where  the  air  is  quiet? 
Where  does  perspiration  evaporate  most  rapidly,  in  moving 
air  or  in  a  quiet  room  ? 

72.  Exercises. —  1.  Why  does  the  sprinkling  of  water  over  a 
porch  floor  cool  the  porch  in  hot  weather? 


Fig.  45.— 
As  water  oozes 
through  the  po- 
rous jar,  it  evap- 
orates and  cools 
the  water  inside 
the  jar. 
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2.  If  you  have  a  cup  of  boiling  water,  what  is  the  quickest  way  to 
cool  it  ?    What  becomes  of  the  heat  ? 

3.  Do  birds  and  other  lyniirnilH  fluff  out  their 
feathers  and  fur  in  summer,  or  in  winter?     Why? 

4.  Why  do  we  wear  cotton  and  linen  cloth- 
ing in  summer  and  woolen  clothing  in  winter? 

5.  Is  it  correct  to  say  that  woolen  clothing 
"  keeps  out  the  cold  "? 

S.  Do  you  suppose  tliat  snow  and  ice  evapo- 
rate without  melting?     How  do  you  account 

o.    46.  A    for  the  fa^t  that  the  sharp  ei^e  of  a  piece  of  ice 

-fireless  cooker"  is    becomes  roimded,  even  in  very  cold  weather? 
t,^ucU?^wri-        ^-  ^^^^   "^    *   ^'*^    "'^'^^   constructed? 

ala;  it  does  not  allow     Why?      See  F^.  46. 

ihe  heat  of  cooking         g_   Is  a  fireless  cooker  also  a  "  heatless  "  cooker? 
rood  W  escape.  „„    ,  -    .■.  t -^    u     f> 

What  IS  the  source  of  its  heat .' 

9.  Why   does   a  thermos  bottle  keep  hot   food  hot   and  cold 
food  cold? 


CHAPTER  X 

WEATHER 

73.  What  is  the  Weather?  —  All  of  us  know  what 
weather  is.  It  is  the  temperature  of  the  air  outside  our 
houses ;  the  amount  of  moisture  in  the  air ;  whether  the 
sky  is  clear  or  cloudy ;  the  amount  of  dew  or  frost,  rain 
or  snow ;  the  direction  of  the  wind  and  the  rate  at  which 
it  is  moving.  These  are  the  things  which  we  mean  by 
"  the  weather.''  The  average  of  the  weather  condition ts 
at  any  given  place  makes  the  climate  of  that  place.  In- 
side our  houses  we  try  to  control  the  conditions  of  the 
air,  but  outside  our  houses  these  largely  control  us. 

The  weather  would  not  be  so  interesting  to  us  if  it 
were  always  the  same,  but  it  is  continually  changing. 
One  day  is  fair  and  the  next  stormy ;  one  is  hot  and  the 
next  cold ;  one  has  a  strong  wind  from  one  direction,  the 
next  has  a  wind  from  nearly  the  opposite  direction,  and 
the  third  has  no  wind  at  all.  So  the  expression,  "  change- 
able  as  the  weather,''  is  a  common  one.  In  thinking 
about  the  weather  we  should  remember  that  we  are 
surrounded  on  all  sides  by  an  ocean  of  air :  the  atmos- 
phere. This  covers  the  earth  with  a  layer  perhaps  200 
miles  thick.  We  should  remember  that  the  weather  at 
the  place  where  we  live  is  the  condition  of  only  a  very 
small  part  of  the  atmosphere.     When  we  look  at  the 
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weather  of  our  country  as  a  whole,  we  see  that  the  changes 
that  seem  to  be  haphazard  and  fickle  are  parts  of  great 
ah*  movements  and  that  there  is  a  cause  for  every  change. 

74.  Of  What  Is  the  Atmosphere  Composed?  —  We 
have  already  learned  what  ah*  is  Uke.  It  has  weight  and 
takes  up  room,  Uke  a  Uquid  or  soUd  object;  it  can  be 
expanded  or  compressed.  We  have  also  learned  that 
it  is  made  up  of  more  than  one  kind  of  gas.  Its  active 
gas  is  oxygen,  which  is  used  in  burning  and  in  respiration ; 
its  inactive  gas  is  chiefly  nitrogen.  Another  gas  that  is 
present  in  the  atmosphere  is  carbon  dioxide  (cf.  §  42). 
Besides  these  gases  there  is  water  in  the  form  of  vapor. 
Water  vapor  is  taken  up  by  the  atmosphere,  as  the  water 
of  rains,  lakes,  and  rivers  evaporates.  Dust  is  also  found 
in  the  atmosphere ;  it  contains  a  multitude  of  particles, 
some  hving  and  some  not  living  (cf.  §  204). 

75.  What  Causes  Dew  and  Frost  ?  —  Have  you  ever 
seen  a  pitcher,  or  glass,  of  water  "  sweat "  on  a  hot 
day?  Do  you  think  the  drops  of  water  go  through  the 
glass  ?  Suppose  we  perform  this  experiment  (Fig.  47)  : 
Partly  fill  a  polished  metal  cup,  or  small,  smooth,  metal 
pail,  with  water  at  room  temperature  and  add  small 
pieces  of  ice  to  it,  one  at  a  time.  Add  a  new  one  only 
after  the  one  before  has  melted.  Stir  the  ice  and  water 
with  the  bulb  end  of  the  thermometer,  noting  carefully 
when  the  first  moisture  is  collected  on  the  outside  of  the 
metal  vessel.  Then  read  the  thermometer.  The  tem- 
perature you  find  is  the  dew  point  of  the  air  at  that  time. 
Find  it  on  a  day  when  the  weather  is  clear,  also  on  a 
rainy  day*    It  varies  according  to  the  amount  of  moisture 
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in  the  air.  The  air  that  cannot  be  cooled  at  all  without 
depositing  dew  is  said  to  be  sattirated  with  moisture,  or 
"  at  the  dew  point."  Dew  and  frost  are  water  deposited 
from  the  vapor  of  the  air  upon  cold  objects,  such  as  grass 
blades  and  stones.  These  objects  cool  more  rapidly  than 
air ;  so  they  cool  the  air  near  them,  causing  some  of  its 
water  to  be  condensed.  If  the  dew 
point  of  air  is  below  0°  C,  frost  is 
formed  instead  of  dew. 

A  clear  night  favors  the  forming  of  dew  and 
frost,  because  the  earth  and  the  air  cool  more 
rapidly  in  clear  weather  than  when  clouds  are 
present.  Clouds  act  as  a  blanket  over  the 
earth  and  prevent  rapid   coaling.     A    gentle 

breeze  brings  fresh  supplies  of  air  to  the  cool  F'o-  47-  —  Thetem- 
objects  and  so  helps  in  the  formation  of  dew  ^e'XLo™trr"when 
and  frost.  A  strong  wind,  however,  does  not  moiature  begins  to 
leave  the  air  near  the  cool  object  long  enough  WPear  on  \^  outside 
to  allow  dew  or  frost  to  be  formed.  Orchards  ■■je„  point." 
and  vineyards  in  hollows  are  more   likely  to 

be  injured  by  frost  than  those  on  a  hillside  or  on  the  hilltop,  because 
the  heavier,  cold  air  falls  into  the  hollows  and  remains  there.  Should 
orchards  be  planted  in  hollows? 

76.  How  Are  Clouds  Formed?  —  Some  people  think 
that  clouds  are  water  vapor  floating  in  the  air.  Is  this 
true?  In  the  firat  place,  water  vapor  is  an  invisible 
gas,  like  the  air  itself.  In  the  second  place,  the  cloud 
particles  are  droplets  of  water  and  are  heavier  than  the 
air.  Why,  then,  don't  they  fall  to  earth?  The  answer 
is  that  they  do  fall,  but  that  at  a  certain  level,  which  forms 
the  bottom  of  the  cloud,  they  evaporate  completely  to 
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form  the  invisible  water  vapor.  It  is  because  droplets 
are  formed  at  one  place  and  disappear  at  another  that 
clouds  change  their  forms  so  rapidly. 


If  the  water  vapor  in  the  air  just  above  the  ground  is 
condensed  to  droplets,  we  have  a  fog.  If  this  happens 
some  distance  above  the  earth,  we  have  clouds.     Clouds 
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are  often  formed  because  ascending  air  currents  loaded 
with  water  vapor  meet  cooler  currents  and  are  cooled 
below  the  dew  point.  If  the  sun's  heat  raises  the  tem- 
perature of  the  air  above  the  dew  point,  fogs  and  clouds 
evaporate  and  disappear.  Some  clouds  consist  of  ice 
particles. 

Observe  the  clouds  and  see  how  wonderful  they  are,  and  how  many 
different  shapes  they  have.  Some  are  rounded,  like  heaps  of  wool; 
these  are  called  cumulus  clouda  (Fig.  48).  They  are  formed  by 
ascending  air  currents.  "  Thunderheads  "  are  one  form  of  cumulus 
clouds.    They  are  one  or  more  miles  high. 

Cirrus  clouds  are  feathery,  or  made  of  distinct  lines.  They  are  the 
highest :  often  five  miles  above  the  earth  (Fig.  48). 

Stratus  clouds  are  in  layers.    They  are  about  ?  to  3  miles  high. 

Nimbus  clouds  are  like  great  dark  "  veils."  They  are  cumulus  or 
stratus  clouds  depositing  rain  or  snow  (Fig.  53,  §  80). 


77.  Why  Do  We  Have  Rain,  Snow,  and  Hail  ?  —  You 
know  how  different  rains  can  be:  sometimes  the  rain 
falls  in  tiny  drops,  at  other  times  in  great  splashes. 
Snow  is  often  made  up  of  tiny  grains  and  again  of  large, 
fluffy  flakes.  How  large  the  raindrops  shall  be  depends 
upon  how  the  droplets  are  condensed.  Raindrops  are  made 
up  of  a  large  number  of  cloud  droplets  united.  These 
big  drops  fall  through  the  air  and  reach  the  earth  before 
they  can  be  evaporated.  If.  the  condition  of  the  air  is 
right  for  a  rain,  but  the  temperature  is  below  0°  C,  we 
have  snow  (Fig.  49). 

Hail  is  made  up  of  layers  of  ice  and  snow.  At  the 
center  there  is  probably  a  frozen  raindrop.  The  frozen 
drops  are  carried  upward  by  air  currents ;  then  they  fall 
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down  some  distance  and  are  carried  up  again,  until  the^' 
take  on  many  layers.  Finally  they  are  too  heavy  for 
the  air  currents  to  support,  so  they  fall  as  hail.  Hail  does 
a  great  deal  of  damage  to  window  panes,  trees,  and  crops. 
78.  What  is  Rainfall  ?  —  Rain  is  so  necessary  for  crops, 
that  its  amount  is  very  important  to  a  country.     If  you 


Fig.  49.  —  The  delicute  lines  of  snowflake  and  frost, 

examine  a  rainfall  map  of  our  land  (Fig.  50),  you  will 
find  that  one  region  gets  less  than  10  inches  of  rain  in  a 
year;  while  another  region  gets  60  inches,  and  another 
even  80  or  100  inches.  Before  this  map  could  be  made, 
the  rainfall  had  to  be  measured  for  many  years.  Rain 
is  caught  in  a  rain  gauge  (Fig.  51).    The  opening  of  the 
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FiQ.  50.  —  The  figures  show  how  much  rain,  on  the  average,  falls  each  year 

in  different  regions  of  the  United  States. 

funnel  is  made  just  10  times  as  large  as  the  cross 
section  of  the  stem,  so  that  yV  of  an  inch  of  rain  makes 
a  depth  of  1  inch  in  the  stem. 

Make  a  simple  rain  gauge  by  putting 
a  bakmg  powder  can  in  the  yard  and 
measuring  the  depth  of  water  in  it  after 
a  hard  rain.  Keep  a  record  of  every 
rainfall  for  a  month  or  so. 

Snow  is  measured  as  rain,  the  snow  being 
allowed  to  melt.    When  we  remember  that  more 
than  half  the  earth  has  less  than  20  inches  of        Fkj.  51.  —  A  rain 
rain  in  a  year  and  has,  therefore,  not  enough  for    Kf^Ke.   The  opening 

.        .  1       >i  .  .11  of  the  funnel  is  ten 

farmmg,  we  see  why  the  ramy  regions  have  been  ^imes  as  large  as 
more    thickly    settled    by   man.    The   greatest    that  of  the  stem. 


I't 
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rains  are  in  India,  where  the  average  is  600  inches  a  year.  In 
desertB  there  may  be  only  5  inches  a  year.  The  great  rains  of  India 
are  due  to  the  moist,  warm  winds  that  blow  from  the  Indian  Ocean. 
As  the  winds  rise  higher  and  higher  above  sea  level  and  are  cooled  more 
and  more,  they  deposit  their  moisture.  After  they  have  passed  the 
Himalayas,  they  are  dry  winds  and  blow  over  a  land  which  is  a  desert. 
Why  are  there  heavy  rains  on  the  coast  of  Washington,  Oregon,  and 
northern     California, 

1^'^'^  "^  ^  \         fY       "  ~V^     farther  east?      Why 

j '  I  \  V       :  f .  hi'®  *'^^'"^  ^""^  *  ^^^ 

I    '    rainfall  on  the  south-   ■ 
.  1 1    em  coast  of  the  United 

M    States? 

UI  jh       79.  What    are 

^^_^  -^J^'   the   Winds?  — 

c^     =^    .  ■  .  c "  .u     Have     you    seen 

FiQ.  52.  —  Air  ciurenta  over  a  fite,  or  over  the  •' 

heated  earth,  rise  to  a  certain  height,  then  flow  out  the      Smoke      and 
horizontally,  and  finally  toll  again  to  the  earth  as  i  /,.„,„        „ 

they  become  cooled.     Tell  why.  SpaTKS       irom       a, 

large  bonfire  on  a 
quiet  evening  ?  They  rise  almost  vertically  and  then  move 
out  horizontally  before  they  come  down  (Fig.  52).  If  we 
could  follow  the  currents  of  air  near  the  fire,  we  would  find 
that  the  air  is  flowing  aionf?  the  ground  toward  the  fire,  to  take 
the  place  of  that  which  ascends.  Thus  we  get  a  complete 
circulation  of  air,  because  some  of  it  is  heated  by  the  fire. 
We  do  not  feel  the  currents  that  ascend,  nor  the  currents 
that  descend,  but  we  feel  those  that  flow  along  the  ground. 
Such  hxmzontal  air  currents  are  the  winds.  The  air  is 
very  free  to  move,  and  if  the  air  pressure  becomes  smaller 
at  any  given  place,  the  heavier  air  around  that  place 
crowds  in  from  all  sides  and  pushes  the  lighter  air  up. 
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The  force  with  which  the  wind  will  blow  depends  upon 
the  pressure.  The  greater  the  difference  in  pressure  be- 
tween two  places,  the  more  rapidly  the  wind  will  blow 
from  one  to  the  other.  We  should  expect  this  to  be  so, 
since  we  know  that  water  will  flow  more  rapidly  down  a 
steep  grade  than  down  a  gentle  one. 

A  light  wind  is  one  which  just  moves  the  leaves  of  trees.  Its 
velocity,  or  rate,  is  10  miles  an  hour  or  less. 

A  high  wind  sways  trees ;  it  moves  25  to  40  miles  an  hour. 

A  gale  is  air  rushing  along  at  40  to  60  miles  an  hour. 

In  a  hurricane  or  a  tornado  the  air  moves  above  60  miles  an  hour ; 
it  may  even  go  as  high  as  200  or  more. 

Over  the  ocean  there  are  regular  winds  that  blow  for  months  at  a 
time ;  such  are  the  prevailing  westerlies  of  temperate  zones  and  the 
monsoons  of  the  Indian  and  Pacific  Oceans. 

Carry  out  the  following  experiment:  Fill  one  saucer 
with  dry,  black  earth  and  fill  another  with  water.  Let 
both  stand  until  they  come  to  the  temperature  of  the 
room;  then  set  them  side  by  side  in  the  sunlight. 
With  a  thermometer  tell  which  is  warmed  the  more 
rapidly. 

Land  breezes  and  sea  or  lake  breezes  are  due  to  the 
fact  that  the  earth  is  heated  more  by  day  than  the  water 
is,  and  is  cooled  more  at  night.  Because  of  this  fact, 
ascending  currents  rise  over  the  land  during  the  day  and 
over  the  water  at  night.  When  the  heated  air  current ' 
rises  over  the  land,  a  horizontal  current  of  air  flows  in 
from  the  sea.  Thus  we  have  a  sea  breeze  during  the 
day.  At  night  the  wind  blows  from  the  land  to  the  sea 
(the  land  breeze). 


86  JUNIOR  SCIENCE 

80.  What  Causes  Our  Great  Storms  ?  —  You  already 
know  one  of  the  effects  of  the  rotation  of  the  earth  on 
its  axis:  it  causes  day  and  night.  It  also  has  a  great 
deal  to  do  with  the  winds.  If  the  earth  were  not  turning, 
the  winds  would  blow 
toward  the  place  hav- 
ing a  low  pressure, 
much  as  they  do  now, 
but  they  would  blow 
directly  there,  in  a 
straight  Une,  just  as 
the  spokes  of  a  wheel 
come  together  at  the 
hub.  But  the  rota- 
tion of  the  earth  on 
its    axis    causes   the 

Fia.  S3.  -  In  B  liKhtnine  diacharKe  the  elec  ^Inds  to  bloW  tOWard 
trioity  burata  throilRh  the  air  and  passea  from  t\ie  "  loW  "  Tegion  111 
eloud  U>  cloud  or  between  olouda  and  the  earth.  ,  . , 

a  curve,  hence  the 
air  at  the  center  is  set  to  whirUng.  A  whirling  mass  of  air 
doing  this  on  a  small  scale  is  called  a  whirlwind. 

In  a  cyclone  the  whirling  mass  of  air  may  be  1000  miles  in  diameter 
and  5  miles  high.  In  the  northern  hemisphere  the  air  is  set  whirling  in 
a  direction  opposite  to  the  movement  of  the  hands  of  a  clock  ;  in  the 
southern  hemisphere  the  whirl  is  in  the  direction  in  which  the  hands 
of  a  clock  move.  In  the  northern  United  States  the  whole  area  of 
low  pressure  moves  easterly  at  the  rate  of  about  30  miles  an  hour. 

Our  cyclones  are  not  tornadoes,  but  the  "  cold  waves  " 
that  sweep  down  upon  us  more  or  less  regularly  in  both 
winter  and  summer. 
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Thunderstorms  are  smaller  storms  in  the  great  cyclones.    They 
usually  come  after  very  warm  weather.    The  lightning  (Fig.  53)  that 
cornea  with  them  consists  of  great  electric  sparks  (cf.   5  2).    It  is 
formed  by  the  rapid  condensation  of  water  vapor  on  a  large  scale. 
The  lightning  passes  from  cloud  to  cloud,  or  between  clouds  and  the 
earth.    Thunder  is  the  vibrations  produced  in  the  air  as  the  lightning 
flashes  through  it.     From  the  time 
it  takes  for  us  to  hear  the  thunder 
caused  by  a  flash  of  lightning,  do 
you  judge  that  sound  travels  more, 
or  less,  rapidly  than  light? 

Tornadoes,  or  "  twisters  "  (Fig. 
54),  are  whirling  masses  of  air  from 
50  feet  to  half  a  mile  in  diameter. 
The  air  pressure  at  the  center  may 
be  as  low  as  7  or  8  pounds  to  the 
square  inch,  and  toward  this  center 
the  wind  may  blow  as  rapidly  as 
200  miles  an  hour.  The  tornado 
can  pick  up  bowlders,  cut  houses  in  two  as  a  great  knife  would, 
and  can  turn  locomotives  over.  Frail  objects,  such  as  straws,  may  be 
driven  into  oak  wood. 

When  seen  coming,  a  tornado  looks  like  a  heavy  cloud  shaped  like  a 
funnel.  The  lower  end  dangles  along  the  ground,  touching  it  here  and 
there.     Our  tornadoes  move  northeastward  at  25  to  40  miles  an  hour. 

Hurricanes  are  violent  storms  that  arise  in  the  Atlantic  oS  the 
northern  part  of  South  America.  Similar  storms  in  the  Indian  and 
Pacific  Oceans  are  called  typhoons.  They  are  whirling  masses  with  a 
diameter  of  300  miles  or  more,  and  having  very  violent  wind  and 
rain.  The  West  India  hurricanes  move  northwest  until  they  reach 
the  southeastern  coast  of  the  United  States ;  then  they  move  north- 
east and  finally  into  the  Atlantic.  They  come  in  the  summer  and 
cause  great  damage  to  life  and  shipping.  Not  only  do  they  bring 
wind  and  rain,  but  also  great  storm  waves  that  sweep  over  the  low 
portions  of  the  coast. 
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Fig.  55.  —  Figs.  55.  a,  b,  and  c.  ore  weather  mapa  of  three  BuooeBsive  days. 
Note  the  "low"  area  haa  moved  to  the  northeast.  The  arrows  Bhnw  the  djrec- 
tiona  of  the  wind.  The  first  figurea  beside  the  arrowe  show  the  temperature; 
the  aeoond  figures  show  the  rainfall  in  inches  during  the  preceding  24  hours; 
llie  third  figures  (if  present)  show  the  wind's  velocity.     Other  signs  are : 

Q  clear  ;  9  partly  cloudy ;  0  cloudy  ;  ©  rain  ;  ©  snow  ;  Q  report  missing, 

81.  What  is  the  Weather  Service?  —  Did  you  ever 
visit  a  weather  office?  If  you  did,  you  found  there 
dehcate  instruments  for  recording  the  direction  and 
velocity  of  the  wind  and  for  measuring  the  rainfall,  the 
temperature,  the  atmospheric  pressure,  and  the  amount 
of  water  vapor  in  the  air.  These  facts  are  recorded  each 
day  at  8  a.m.  on  the  Atlantic  coast  and  at  5  a.m.  on  the 
Pacific  coast ;  they  are  then  telegraphed  to  Washington. 
When  all  the  results  are  put  together  on  a  weather  map 
(Fig.  55),  they  give  the  expert  at  Washington  an  in- 
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stantaneous  photograph  of  the  weather  of  the  whole 
country.  From  this  map  the  expert  can  tell  not  only 
what  the  weather  is,  but  what  it  is  likely  to  be,  for  he 
can  tell  where  the  low  areas  are,  in  what  direction  they 
are  traveling,  whether  rain,  snow,  or  frost  are  on  the 
way,  whether  it  will  be  hot  or  cold.  The  coming  of  cold 
waves,  or  of  storms  that  will  injure  shipping  or  cause 
floods  on  rivers,  can  be  foretold  in  this  way.  Sometimes 
there  is  a  mistake,  because  storms  do  not  all  act  exactly 
the  same,  but  usually  the  predictions  are  accurate,  and  they 
save  many  lives  and  many  millions  of  dollars  annually. 

When  the  weather  expert  thinks  a  cold  wave  is  coming, 
he  sends  word  to  the  cities  of  that  region,  and  from  these 
cities  warnings  are  sent  out  by  telephone  to  shippers  and  to 
farmers.  Signs  are  also  placed  on  trains,  so  that  farmers 
are  warned  to  do  all  they  can  to  save  crops.  In  a  similar 
way  warnings  of  coming  storms  are  sent  to  ship  captains. 

Weather  Maps.  —  On  a  weather  map  you  will  see  heavy  solid  lines 
joining  places  that  have  the  same  atmospheric  pressure  in  a  given 
region ;  these  are  called  isobars.  We  can  see  from  the  map  that  the 
isobars  curve  irregularly  about  the  regions  of  low  pressure  and  high 
pressiu-e.  The  "  lows  "  show  cyclonic  storms.  The  "  highs  "  bring 
the  sharp,  bright  weather  which  follows  storms.  There  are  also  dotted 
lines  to  join  places  having  the  same  temperature ;  these  are  isotherms. 
Generally  only  the  isotherms  for  freezing  and  for  zero  weather  are 
shown.  The  map  shows  also  the  temperature  of  the  weather  stations  of 
the  country,  the  direction  of  the  wind,  and  the  amount  of  rain  or  snow. 

82.  Exercises. —  1.  Examine  weather  maps  for  several  successive 
days.    In  what  general  direction  do  the  **  lows  "  move? 

2.  What  is  a  weather  vane?  Its  shape?  Why  does  it  have  this 
shape? 
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3.  Fishermen  on  the  seacoast  often  sail  out  at  or  before  daybreak 
and  return  about  noon.  Do  the  land  and  sea  breezes  help  or  hinder 
them? 

4.  Find  out,  if  you  can,  what  are  the  various  flags  used  as  weather 
signals. 

5.  Why  do  men  say,  "  If  the  wind  doesn't  *  come  up '  tonight, 
we  shall  have  frost  "  ? 

6.  Why  are  weather  forecasts  valuable? 

7.  What  is  the  force  which  makes  great  waves  rush  up  on  a  beach? 

8.  What  is  the  difference  between  the  terms  weather  and  climate? 

9.  Why  do  we  have  hail  in  the  summer  time,  but  do  not  have 
snow? 

10.  Suppose  you  were  watching  a  barometer  while  a  tornado  passed 
near  you,  what  should  you  observe  ? 

11.  Did  you  ever  watch  a  miniature  tornado,  or  whirlwind?    De- 
scribe it. 


PART  III 


MATTER  AND  ENERGY  IN  EARTH  AND   SKY 


CHAPTER  XI 

THE  HEAVENLY  BODIES 

83.  What  is  the  Earth  Like  ?  —  We  like  to  think  of 
our  earth  as  a  great,  solid  floor  on  which  we  stand  and 
on  which  we  can  depend.  We  speak  of  getting  down  to 
the  firm  earth.  But  if  we  wish  to  get  a  correct  idea  of 
what  our  earth  is  hke,  we  must  imagine  ourselves  as 
standing  off  in  space  and  looking  back  at  the  earth.  Then 
we  shall  see  it  as  a  great,  round  ball  turning  with  dizzy 
speed  from  west  to  east  and  flying  with  still  dizzier  speed 
in  its  great  path  aroimd  the  sun. 

The  ancient  Greeks  knew  that  the  earth  is  round  and 
that  it  turns  or  rotates.  They  had  even  worked  out  a 
way  of  calculating  its  size,  but  their  work  was  afterwards 
forgotten.  So  it  came  about  that  when  Columbus,  in  the 
latter  part  of  the  fifteenth  century,  said  that  our  earth 
is  a  great  ball,  the  people  of  his  day  made  fun  of  him. 
As  we  know,  the  time  the  earth  takes  for  one  rotation 
is  a  day.  The  imaginary  Une,  or  axis,  around  which 
the  earth  spins,  passes  through  the^north  and  south  poles. 

With  a  tapeline  measure  carefully  the  distance  around 
(the  circumference  of)  a  round  plate,  or  hoop,  or  wheel ; 
then  measure  the  distance  across  it,  through  the  center 
(the  diameter) .  How  many  times  as  great  as  the  diameter 
is  the  circumference?    Then  measure  the  circumference 
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of  a  tennis  ball,  or  croquet  ball,  or  baseball,  and  calculate 
its  diameter. 

By  very  careful  measurement  men  have  found  that 
the  circumference  of  the  earth  at  the  equator  is  nearly 
25,000  miles.     What,  then,  is  its  diameter? 

How  rapidly  must  a  spot  at  the  equator  be  turning? 
Do  you  see  that  it  must  turn  through  about  25,000  miles 
in  24  hours,  or  at  the  rate  of  about  1000  miles  an  hour? 

We  may  give  the  earth's  rate  of  rotation  in  another  way : 
We  know  that  the  distance  around  a  circle  may  be  measured  in 
degrees  J  each  complete  cu-cle  having  360  degrees  (written  360®).  The 
distance  around  a  sphere  like  the  earth  is  measured  on  a  circle  that 
passes  around  it,  and  is  also  stated  in  degrees.  Since  the  earth  spins 
about  on  its  axis  once  in  every  24  hours,  in  one  hour  it  goes  through 
360-^24,  or  15  degrees. 

84.  What  is  the  Sky  ?  —  Have  you  ever  looked  along 
a  straight  picket  fence  and  observed  that  the  pickets  all 
seem  to  be  at  about  the  same  place?  Yet  our  judgment 
tells  us  that  they  are  one  behind  the  other.  Perhaps 
you  have  noticed  how  hard  it  is  to  tell  which  of  a  group 
of  mountain  peaks  are  near  and  which  are  farther  away. 
All  distant  objects  seem  to  be  at  about  the  same  distance 
from  us.  So  it  is  with  the  sky.  The  sky  seems  to  be  a 
hollow  sphere  and  the  heavenly  bodies  all  seem  to  move 
across  its  surface,  l^t  the  truth  is  that  some  of  these 
bodies  are  enormously  distant  as  compared  with  others. 
When  we  see  the  moon  near  a  certain  bright  star,  their 
nearness  to  each  other  is  due  to  the  fact  that  they  are  in 
the  same  direction  from  us,  one  beyond  the  other.  Just 
in  the  same  way  the  sun  and  moon  at  intervals  of  about 
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four  weeks  seem  to  be  almost  at  the  same  place  in  the  sky 
(the  time  of  "  new  moon  "),  although  the  sun  is  much 
farther  away  than  the  moon. 

While  it  is  true  that  the  sky  is  just  a  make-beUeve 
sphere,  we  must  learn  its  parts  if  we  want  to  study  the 
heavenly  bodies.     The  circle  in  which  the  sky  and  earth 


Fig.  56.  —  The  path  al  the  Bur 
When  in  the  bud  above  the  horiio 
gested  by  Todd's  Astronomy.) 

seem  to  meet  is  the  horizon  (Fig.  56).  It  is  the  line 
beyond  which  we  cannot  look  because  the  bulging  sur- 
face of  the  earth  is  in  the  way.  The  horizon  has  its  four 
points :  north,  east,  south,  and  west.  The  point  in  the 
sky  exactly  above  you  is  the  zenith. 

86.  Why  Do  the  Heavenly  Bodies  Rise  and  Set?— 
As  you  look  at  the  sky,  you  see  that  the  moon  and  the 
stars,  like  the  sun,  rise  in  the  east  and  set  in  the  west. 
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Men  used  to  suppose  that  all  these  bodies  turned,  or 
revolved,  about  the  earth,  but  we  now  have  many  proofs 
that'  the  earth  is  turning,  or  rotating,  on  its  axis  once 
every  24  hours,  and  that  it  is  this  rotation  of  the  earth 
that  brings  us  back  each  day  to  such  a  position  that  we 
can  again  begin  to  see  the  same  heavenly  bodies.  This 
is  what  we  mean  by  the  rising  of  the  heavenly  bodies. 
If  you  were  walking  up  a  hill,  behind  which  there  is  a 
church,  the  church  might  seem  to  rise  when  you  could 
begin  to  see  its  steeple,  although  what  is  really  happening 
is  that  you  afe  moving  toward  the  church  and  the  church 
is  standing  still.  When  you  move  away,  the  church 
seems  to  ^^  set." 

Watch  the  path  of  the  sun  across  the  sky.  Does  the 
sun  rise  exactly  at  the  east  point  of  the  horizon  ?  It  does 
so  only  twice  a  year :  in  March  and  in  September.  You 
know  that  in  early  summer  the  sun  rises  far  north  of  the 
east  point  and  sets  far  north  of  the  west  point ;  at  this 
time  it  shines  into  the  north  windows  of  our  houses 
(Fig.  56).  In  winter,  on  the  other  hand,  the  sun  rises 
far  south  of  the  east  point  and  sets  far  south  of  the  west 
point. 

86.  What  is  the  Path  of  a  Star  across  the  Sky?^ — 
Are  there  any  stars  that  do  not  rise  and  set,  but  are 
always  above  the  horizon?  If  you  look  at  the  northern 
sky  on  a  bright  night,  you  will  see  the  Big  Dipper. 
This  is  a  group,  or  constellation,  of  seven  principal  stars. 
The  two  bright  stars,  which  make  one  side  of  the  bowl  of 
the  dipper,  point  toward  the  North  Star  and  are  known 
as  the  "  Pointers. '^     If  you  live  in  the  northern  states 
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and  watch  the  position  of  the  Dipper  at  a  given  time  — 
say  at  8  p.m.  —  every  week  or  two  during  several  months, 
you  will  find  that  it  revolves  about  the  North  Star  in  a 
complete  circle  and  is  always  above  the  horizon.  If  a 
star  is  somewhat  farther  away  from  the  North  Star  than 
the  Dipper  is,  it  will  be  above  the  horizon  part  of  the 
» time  and  below  it  part  of  the  time ;  that  is,  it  will  rise 
and  set.     The  North  Star  is  also  called  Polaris. 

The  stars  that  keep  their  positions  with  respect  to 
one  another,  so  that  they  can  always  be  found  in  a  given 
constellation,  are  called  fixed  stars. 

If  you  were  at  the  equator,  all  the  stars  would  rise 
and  set  and  their  paths  would  all  be  perpendicular  to 
the  horizon.  The  North  Star  would  be  just  at  the 
horizon.  Why  is  this?  You  must  remember  that  the 
daily  motions  which  the  ptars  seem  to  have  are  due  to 
the  turning  of  the  earth  and  that  the  north  pole  of  the 
earth  always  points  to  the  north  pole  of  the  sky.  This 
makes  aU  the  stars  seem  to  revolve  around  the  north  pole 
of  the  sky.     The  sky's  north  pole  is  near  the  North  Star. 

87.  What  are  Some  Star  Groups  ?  —  We  have  already 
learned  of  one  star  group,  or  constellation,  called  the 
Big  Dipper.  This  is  part  of  a  larger  group  called  the 
Great  Bear.  If  you  try  to  make  out  the  shape  of  the 
Great  Bear,  you  will  need  a  great  deal  more  imagination 
than  to  find  the  Dipper.  Many  of  the  constellations 
received  their  names  centuries  ago  from  the  Egyptians, 
the  Greeks,  or  the  Arabs  ;  others  are  more  modern.  The 
stars  and  constellations  made  out  by  the  ancients  were 
named  after  heroes,  animals,  or  events. 
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The  Dipper  is  only  one  of  several  constellations  near 
the  North  Star.  Another  one  is  the  Little  Dipper;  this 
is  a  part  of  the  Little  Bear.  The  North  Star  is  at  the 
end  of  the  Little  Dipper's  handle,  or  at  the  end  of  the 
Little  Bear's  tail.  See  the  star  map  (Fig.  57,  a  and  6)  in 
this  chapter. 

Let  us  look  for  another  constellation.  Imagine  a  circle  * 
in  the  northern  sky  and  that  the  North  Star  is  at  its 
center;  also  imagine  that  the  circle  passes  through  the 
Big  Dipper  Look  on  the  opposite  side  of  the  circle  and 
you  will  find  the  pretty  group  called  Cassiopeia.  It 
looks  like  a  chair. 

Probably  our  most  beautiful  group  of  constellations 
is  the  one  seen  in  the  east  in  the  early  evening  diu*ing 
November  and  December.  It  is  made  up  of  the  Pleiades, 
a  brilliant  cluster,  followed  by  the  red  star,  Aldebdran, 
in  the  eye  of  Taurus,  the  Bull.  Behind  these  and  a  little 
farther  south  is  OrioUy  with  his  belt  of  three  bright  stars 
and  his  sword  of  three  fainter  ones.  After  Orion  comes 
the  Great  Dog  (Canis  Major)  with  the  Dog  Star,  Siriits. 
This  is  the  brightest  fixed  star  of  the  sky. 

The  Galaxy,  or  Milky  Way,  is  a  belt  of  Ught  which 
passes  across  the  heavens.  The  telescope  shows  us  that 
it  is  made  up  almost  entirely  of  separate  stars,  each  too 
small  to  be  seen  by  the  eye  alone. 

88.  How  Far  Away  are  the  Stars  ?  —  The  brightness 
of  the  stars  depends  upon  how  much  Ught  they  give  off 
and  also  upon  how  far  away  from  us  they  are.  The  star 
Sirius  gives  off  40  times  as  much  light  as  our  sun,  but  it 
is  enormously  farther  away.     For  distances  on  the  earth, 
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the  mile  (5280  feet)  is  the  unit,  but  how  little  we  are  able 
to  understand  the  distance  to  the  sun,  when  some  one 
says  that  it  is  about  93,000,000  miles  away!  A  train 
traveling  a  mile  a  minute  would  need  about  178  years  to 
go  from  the  earth  to  the  sun.  Light  travels  about 
186,000  miles  a  second,  yet  even  light  requires  499  seconds 
(over  8  minutes)  to  reach  us  from  the  sun. 

If  we  think  the  sun  is  far  away,  then  what  shall  we 
say  of  the  distance  to  the  nearest  fixed  star,  the  light  of 
which  requires  between  three  and  four  years  to  reach 
us?  Can  you  reaUze  the  distance  to  the  North  Star 
when  you  are  told  that  the  Ught  that  comes 'to  our  eye 
tonight  left  the  star  at  least  47  years  ago  ? 

89.  Why  are  Some  Heavenly  Bodies  Wanderers?  — 
As  we  have  learned,  the  stars  in  a  constellation  hold 
their  places,  but  the  constellations  themselves  seem  to 
move  around  the  sky  from  east  to  west  once  each  day. 
They  seem  to  do  this  because  the  earth  rotates  from  west 
to  east.  There  is  another  important  change  in  the  con- 
stellations. If  we  watch  one  of  them,  such  as  the  Pleiades, 
from  month  to  month,  we  shall  see  that  it  rises  earUer 
and  earUer  each  evening ;  until  at  the  end  of  six  months, 
instead  of  rising  in  the  east  at  sunset  it  now  rises  and 
sets  with  the  sun.  Then  we  cannot  see  it  at  all,  because 
the  sun  makes  a  much  brighter  light.  After  six  months 
the  constellation  again  rises  at  sunset.  Another  way  of 
saying  this  is  that  the  sun  is  a  '^  wanderer  "  and  moves 
eastward  among  the  stars.  First  it  is  in  one  constella- 
tion, then  in  another  farther  east,  until  it  has  gone  en- 
tirely around  the  heavens  in  a  great  circle. 
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Fia.  67,  a  and  h.  —  Fold  the  inner  margin  of  the  page  so  that  the  halves 
hold  the  map  so  that  the  North  Star  of  thp  map  is  directed  toward  the  North 
of  the  map ;  the  stars  will  then  appear  somewhat  as  they  should  be  at  about 
from  the  pole.     (Suggested  by  Young's  Astronomy.) 
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of  the  map  come  together.  Grasp  the  book  with  both  hands,  face  north  and 
Star  of  the  sky.  Turn  the  map  so  that  the  present  month  shall  be  at  the  top 
8  P.M.     The  map  ahows  some  of  the  constellations  that  are  less  than  50  degrees 
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If  you  look  at  an  almanac,  you  will  see  the  list  of  "  Signs 
of  the  Zodiac/'  The  zodiac  is  made  up  of  the  twelve 
constellations  through  which  the  sun  seems  to  move; 
they  were  used  by  the  ancients  to  tell  seasons. 

Why  does  the  sun  seem  to  make  a  joiuney  around 
the  sky  every  year?  The  answer  is  that  this  apparent 
moving  of  the  sun  is  due  to  the  revolution  of  the  earth 
around  the  sun  every  twelve  months.  So  we  must  get 
used  to  two  apparent  motions  in  the  sky,  both  of  them 
due  to  the  motions  of  the  earth  itself:  (1)  the  change 
from  sunrise  to  sunset  and  from  sunset  to  sunrise,  caused 
by  the  fact  that  we  are  being  carried  around  once  each 
day  by  the  rotation  of  the  earth ;  (2)  the  yearly  changes 
in  the  sky,  caused  by  the  fact  that  we  are  being  swept 
around  the  sun  and  back  to  the  place  of  starting,  in  one 
year.  You  have  all  had  the  strange  experience  of  imagin- 
ing that  the  train  on  which  you  were  riding  was  standing 
still,  while  bams,  trees,  and  people  were  dashing  madly 
by.  That  is  the  kind  of  experience  we  have  all  our  lives, 
unless  we  think  out  what  is  really  happening. 

Besides  the  sun  and  the  moon,  there  are  several  other 
heavenly  bodies  which  do  not  remain  in  any  constellation 
as  the  fixed  stars  do ;  these  are  the  planets,  or  wandering 
stars.  They  appear  to  move  irregularly  among  the  stars 
because  they  really  revolve  about  the  sun,  just  as  our 
earth  revolves  around  it.  When  they  seem  to  be  in  a 
certain  constellation,  it  is  because  they  are  between  the 
earth  and  that  constellation. 

90.  What  is  the  Sun  Like?  —  The  sun  is  a  star. 
While  it  seems  to  us  to  be  very  large,  we  know  that  there 
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are  many  stars  larger  than  the  sun.  Its  diameter  is 
about  864,000  miles,  or  about  109  times  the  diameter 
of  the  earth.  Its  volume  is  over  a  million  times  that  of 
the  earth.  As  we  see  it  in  the  sky,  it  seems  the  size  of  a 
full  moon,  but  this  is  because  it  is  much  farther  away  than 
the  moon.  The  heat  and  Ught  given  ofif  by  the  sun  are 
enormous,  but  our  earth  is  so  small  that  it  can  catch  only 
a  tiny  part  of  them.  Still  this  small  part  is  what  makes 
the  earth  fit  for  living  things,  instead  of  a  frozen  ball. 

It  has  been  calculated  that  if  the  sun  could  be  covered 
with  a  layer  of  ice  60  feet  thick,  the  heat  given  ofif  by  the 
sun  would  be  great  enough  to  melt  all  this  ice  in  one 
minute.  What  causes  the  sun's  heat  is  not  known,  but 
the  sun  is  not  a  burning  body,  as  a  piece  of  white-hot 
coal  is. 

If  we  use  a  smoked  glass,  we  can  look  at  the  sun's 
surface.  We  can  often  see  certain  irregular  spots  darker 
than  the  rest  of  the  surface.  These  are  called  stmspots. 
They  move  gradually  across  the  sun's  face  and  seem  to 
be  Uke  great  storms. 

The  sun  rotates  on  its  axis,  as  the  earth  does. 

91.  What  is  the  Solar  System?  —  The  planets  are 
bodies  hke  the  earth  in  that  they  revolve  about  the  sun 
and  shine  by  the  reflected  hght  of  the  sun.  Many  of 
them  have  moons  that  revolve  about  them.  So  the  sun, 
the  planets,  and  the  moons  are  all  parts  of  the  solar  sys- 
tem. The  planets,  in  the  order  of  then-  distance  from 
the  sun,  are:.  Mercury,  Venus,  Earth,  Mars,  Jupiter, 
Saturn,  Uranus,  and  Neptune  (Fig.  58).  The  largest  of 
these  is  Jupiter,  with  a  diameter  nearly  11  times  that  of 
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the  earth.     However,  all  the  planets  together  contain 
only  about  jhf  as  much  matter  as  the  sun. 


Fig.  68.  —  The  planets  revolve  about  the  sun.     The  average  distance  of  Nep- 
tune from  the  sun  is  about  2,700,000,000  miles.     What  is  that  of  the  earth? 

Mercury,  Uranus,  and  Neptune  cannot  be  seen  well 
without  a  telescope.     The  planets  are  always  found  in 
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the  same  belt  of  constellations  —  the  Zodiac  —  in  which 
we  see  the  sun  and  moon. 

The  time  needed  for  each  of  the  planets  to  revolve 
once  about  the  sun  is  as  follows : 

Mercury    ....  3    months  Jupiter    .....  12  years 

Venus 7|  months  Saturn 30  years 

Earth 12    months  Uranus 84  years 

Mars 22    months  Neptune      ....  165  years 

While  the  earth's  rate  of  rotation  at  the  equator  is 
about  1000  miles  an  hour,  its  rate  of  revolution  about 
the  sun  is  about  1000  iniles  a  minute.  This  is  perhaps 
40  times  the  speed  of  a  bullet  as  it  leaves  the  muzzle  of 
an  army  rifle. 

92.  Oiir  Neighbor,  the  Moon.  —  After  we  have  thought 
of  the  enormous  distances  from  the  earth  to  the  sun  and 
the  stars,  the  moon  seems  just  across  the  way.  The 
moon  is  our  nearest  neighbor  in  the  heavens ;  its  average 
distance  is  about  240,000  miles.  The  moon's  diameter 
is  2163  miles  and  its  volume  is  about  ^^  that  of  the  earth. 

Our  moon  revolves  in  a  path,  or  orbit,  that  is  nearly  a 
circle.  From  new  moon  to  new  moon  is  a  '^  moon,''  or 
a  lunar  month;  it  is  about  29  days,  and  was  formerly  used 
in  reckoning  time.  The  surface  of  the  moon  (Fig.  59)  is 
made  up  of  what  seem  to  be  smooth  plains  and  also 
mountains  which  have  hollows,  or  craters,  that  make  them 
look  Uke  volcanoes. 

We  have  all  watched  the  change,  night  after  night, 
from  new  moon  to  full  moon.  Some  evening,  just  after 
sunset,  a  slender  crescent  is  seen  in  the  west.    This  is 
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really  a  day  or  two  after  new  moon,  because  at  new  moon 
the  moon  is  too  near  the  sun  to  be  seen  at  all.  The  next 
evening  the  crescent  moon  is  thicker  and  farther  away 
from  the  aim.  This  continues  until  the  half  moon  is 
seen ;  the  moon  then  sets  about  6  hours  after  the  sun. 
The  period  from  new  moon  to  half  moon  is  called  the 


"  first  quarter."  From  new  moon  to  full  moon  the  moon 
is  said  to  be  "  waxing  "  or  growing.  The  full  moon 
rises  at  sunset;  why?  From  half  moon  to  full  moon  is 
the  "  second  quarter,"  After  full  moon  the  moon  is 
"  waning,"  From  full  moon  to  half  moon  is  the  "  third 
quarter."  In  the  "  fourth  quarter  "  the  moon  shrinks 
once  more  to  a  crescent  (the  "  old  moon  "}  and  finally 
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rises  just  before  the  sun.  But  the  moon  rises  about 
50  minutes  later,  on  the  average,  each  day  and  soon 
appears  again  as  a  crescent  just  after  sunset. 

Half  of  the  moon's  surface  is  always  hghted  by  the  sun, 
but  we  see  only  that  part  of  the  Ughted  surface  which  is 
turned  toward  us. 
When  we  see  the  "  old 
moon  in  the  new 
moon's  arms,"  we  see 
the  "  old  moon  "  by 
earth  shine,  that  is, 
by  sunlight  that  is  first 
reflected  by  the  earth 
to  the  moon  and  then 
back  from  the  moon 
to  us, 

93.  What  are  Com- 
ets and  Meteors?  — 
What  a  wonder  and  a 
terror  a  comet  (Fig. 
60)  must  have  been  to 
early  man !  Comets 
usually  appear  in  the 
heavens  unexpectedly, 
grow    brighter    night 

after  night,  move  among  the  constellations  until  they 
rise  and  set  with  the  sun,  then  move  away  from  the  sun, 
grow  smaller,  and  finally  disappear. 

Most  comets  are  small,  but  some  have  been  very  large 
and  beautiful.     Usually  they  can  be  seen  only  at  night, 
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but  the  very  bright  ones  are  also  visible  in  the  daytime. 
A  comet  has  thlp  appearance  of  a  shining  fog,  or  veil. 
It  is  roimded  ofif  at  one  end  into  a  blimt ''  head/'  while  a 
*'  tail ''  of  light  is  spread  out  behind  it.  The  tail  always 
points  away  from  the  sun.  Stars  can  be  seen  shining 
right  through  the  material  of  a  comet.  The  comets  we 
see  all  revolve  about  the  sun,  but  in  paths  that  take  them 
far  out  of  our  vision  (see  Fig.  58)  for  many  years  at  a 
time. 

Meteors  are  heavenly  bodies  that  fall  on  or  into  the 
earth.  When  seen  at  night,  a  meteor  is  like  a  ball  of 
fire  followed  by  a  stream  of  light.  If  we  were  near 
enough,  we  could  hear  a  dull  roar  as  it  tears  its  way 
through  the  air.  Usually  it  throws  ofif  sparks  and  frag- 
ments of  matter  during  its  passage.  Sometimes  the 
meteor  disappears ;  sometimes  we  learn  where  it  strikes. 
Usually,  instead  of  falling  to  the  earth  as  one  body,  it 
bursts  into  many  pieces.  Often  tons  of  stones  come 
from  a  single  meteor.  A  few  meteors  consist  of  almost 
pure  iron  mixed  with  nickel. 

Did  you  ever  see  a  shooting  stdr?  Shooting  stars  are 
small  fragments  of  matter  that  fall  into  the  earth's  at- 
mosphere. They  are  very  numerous  and  many  may  be 
seen  on  a  clear  night.  They  never  reach  the  ground, 
except  in  the  form  of  dust  and  ashes  so  fine  that  we 
cannot  see  them  falling.  Did  you  ever  realize,  before 
that  matter  comes  to  us  all  the  time  from  the  space 
through  which  the  earth  moves  ? 

M.  Exercises. —  1.  Have  you  read  about  "daylight  saving"? 
Why  was  it  carried  out?    How? 
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2.  Why  is  a  day  divided  into  "  forenoon  "  and  "  afternoon  " 
instead  of  day  and  night? 

3.  The  Indian  said  that  an  event  was  so  many  "  moons  "  ago; 
what  did  he  mean? 

4.  What  festival  is  still  fixed  by  lunar,  or  moon,  time? 

5.  Name  the  planets  in  the  order  of  their  distance  from  the  sun. 

6.  Coat  a  piece  of  glass  with  soot  and  see  if  you  can  find  *'  sun- 
spots  "  on  the  sun. 

7.  Does  the  hioon  revolve  about  the  sun? 

8.  What  causes  the  four  "  quarters  "  of  the  moon? 

9.  What  is  the  horizon?    The  zenith?    The  zodiac? 

10.  When  is  wheat  harvested  in  Iowa?    In  Argentina? 

11.  What  do  you  suppose  causes  a  "  ring  around  the  moon  "?  Is 
the  ring  near  the  moon? 

12.  How  do  you  imagine  the  earth  would  look  if  seen  from  the 
moon? 

13.  What  daily  path  would  a  star  have  if  you  were  at  the  earth's 
north  pole?    What  path  would  the  sun  have? 

14.  On  a  sunny  day  measure  the  length  of  the  shadow  of  a  certain 
post,  such  as  a  fence  post,  in  the  morning,  at  noon,  and  in  the  late 
afternoon.    When  is  it  the  shortest?    Why? 

Measure  the  shadow  at  noon  every  week  or  two  for  several  months 
and  keep  an  accurate  record  of  the  month  and  day  on  which  the  meas- 
urement was  taken.  What  change  do  you  notice?  Explain  it.  On 
what  date  would  the  noonday  shadow  be  the  longest  ?    Why  ? 

15.  In  an  almanac  read  the  time  of  sunrise  and  sunset  from  autumn 
to  spring.  What  day  is  shortest?  In  what  month  does  the  sun  rise 
at  almost  the  same  hour  and  minute  for  several  days  in  succession  ? 
Is  this  true  at  any  other  season? 


CHAPTER  XII 

FORCE  AND  ENERGY 

96.  What  Holds  the  Solar  System  Together  ?  —  Have 
you  been  asking  yourself,  as  you  have  studied  about 
the  solar  system,  why  the  planets  in  their  great  orbits 
swing  around  the  sim  year  after  year,  and  what  it  is  that 
holds  the  sun  and  all  its  planets  together?  Before  we 
answer  this  question,  let  us  think  of  simpler  questions. 
In  the  first  place,  why  does  a  body  that  is  not  held  up, 
or  supported  in  some  way,  fall  to  the  earth  ?  Why  is  it 
that  a  bullet  shot  upward  from  a  rifle  does  not  continue 
in  its  flight  oflf  into  space,  but  always  returns  to  the 
earth?  Sir  Isaac  Newton  gave  the  reason  when  he 
said  that  the  earth  pulls  objects  toward  itself,  or  attracts 
other  objects.  Do  you  suppose  so  small  an  object  as  an 
apple  hanging  on  a  tree  attracts  the  earth?  Why  not? 
In  proportion  to  its  weight  it  pulls  the  earth  as  much  as 
the  earth  pulls  it. 

Does  it  seem  impossible  that  an  orange  lying  on  a 
table  attracts,  or  draws  toward  it,  another  orange,  Ijdng 
beside  it  ?  It  is  not  easy  to  show  this,  because  the  earth 
pulls  both  oranges  strongly  toward  itself ;  but  by  means 
of  a  celebrated  experiment  it  was  shown  clearly  that  one 
body  of  matter  attracts  another  near  it.  A  large  ball  of 
lead  (Fig.  61)  and  a  small  one  of  copper  were  hung  side 
by  side,  and  it  was  possible  to  see  distinctly  that  the  copper 
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ball  moved  over  toward  the  lead  ball.  So  we  know 
that  this  pull  which  the  earth  has  for  bodies  near  it,  is 
also  present  between  two  bodies  on  the 
earth.  We  call  this  earth  pull,  gravity. 
Scientists  believe  that  the  same  pull  that 
the  earth  has  for  objects  near  it  also  exists 
between  the  sun,  the  earth,  and  other  planets. 
When  we  speak  of  this  pull  between  the 
bodies  of  the  solar  system,  we  call  it  gravi- 
tation. Therefore,  it  is  gravitation  which 
holds  the  solar  system  together. 

96.  Why  Does  a  Body  Have  Weight?  — 

Do  you  know  of  any  object 

that    is    without    weight? 

We  learned  that  gases,  such 

as  air,  have  w;eight,  as  well 

as  do  solids  and  hquids  (cf. 

§  10) .    How  do  we  weigh  an 

object?    If  we  use  a  spring  balance  (Fig. 

62),  we  find  that  the  balance  consists  of 

a  spring  which  can  be  uncoiled  or  stretched 

by  the  object.     When  the  object  pulls 

the  spring  so  far  that  the  pointer  is  at 

3j  [_3j     the  mark  for  3  pounds,  the  object  weighs 

Fig.    62.  — The   3  pouuds.     But   why    does    the    object 

by"thVe\rth^^^^^      stretch  the  spring  at  all?    The  answer 

upon    the    object   ig  that  the  earth  pulls  the  matter  of  the 

object  toward  itself  with  such  a  force  that 
the  spring  is  stretched  to  the  3-pound  mark.  So  it  is 
gravity,  or  the  earth  pull,  that  causes  a  body  to  have 


<w> 


FiQ.  61.  — 
There  is  a  pull,  or 
attraction,  be- 
tween two  por- 
tions of  matter. 


<w> 
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r  .--,..      ---.— —^   weight.     Does   it   make 

any  difference,  so  far  a3 
the  earth    is    concerned, 
whether  the  object  weigh- 
ing 3  pounds  is  feathers, 
or  water,    or  lead?      Of 
course  not,  for  the  earth 
has  the  same  pull  upon 
all   objects  that  contain 
equal  quantities  of  mat- 
ter, of  whatever  sort  the 
matter  may  be. 
,.w..«-.».«^-»...-rs.w.^<-„.        97.   In  What 
Fio.  63.  —  Leaning  Tower  of  piaa.      Direction  Does 
the  Earth  PuU? 
If  you  drop  a  stone  from  your  hand,  in  what 
direction  does  it  fall  ?   Itfalls"  straight  down," 
or  vertically,  because  gravity  acts  in  that  direc- 
tion.  Bricklayers,  masons,  and  carpenters  use  a 
string  with  a  weight  attached  (a  plumb  line)  to 
guide  their  work,  so  that  their  walls  shall  be 
"  plumb,"  or  vertical.     In  doing  this  they  de- 
pend upon  gravity  to  pull  "  straight  down  " 
and  to  give  them  a  reliable  line. 

Before  the  time  of  Galileo  there  was  a  belief  that  heavy 

materials,  such  as  metals,  fall  more  rapidly  than  light  inVvacuum 

materials,  such  as  papers  or  feathers.    Galileo  let  objects  light  bodies 

of  different  materials  fall  from  the  leaning  tower  of  Pisa  ?"j.    ^^^^vy 

(Fig.  63),  and  decided  that  the  earth  pull  gives  the  same  ^j  jhe  same 

speed  to  all  falling  bodies,  but  that  the  air  interferes  with  rate. 
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the  lighter  ones.  When  air  pumps  were  made,  so  that  a  long  glass 
tube  could  be  freed  from  air  (Fig.  64),  it  was  found  that  a  feather  falls 
just  as  rapidly  as  a  coin  or  a  bullet. 

98.  What  is  the  Density  of  Water  ?  —  Which  is  lighter, 
wood  or  lead  ?  In  saying  that  wood  is  lighter  than  lead, 
we  do  not  mean  that  a  large  board  is  lighter  than  a  small 
piece  of  lead,  but  we  mean  that  if  we  have  a  block  of  wood 
of  the  same  size,  or  volume,  as  the  lead,  the  wood  is  lighter 
than  lead.  We  express  this  fact  by  saying  that  the 
density  of  the  wood  is  less  than  that  of  the  lead  (Fig.  65). 


Gold 


Lead 


Copper 


Coal 


Wood 


Fig.  65.  —  Cubes  containing  equal    weights  of    these    materials   have    very 
different  volumes.     Which  is  the  more  dense,  lead  or  copper? 

In  the  same  way  we  say  that  the  density  of  water  is  less 
than  that  of  lead  or  iron,  but  greater  than  that  of  kerosene 
or  air. 

We  express  the  density  of  a  solid  or  liquid  by  com- 
paring its  density  with  that  of  water  (Table  III,  Ap- 
pendix). Thus,  when  we  say  that  marble  has  a  density 
of  2.7,  we  mean  that  it  is  2.7  times  as  heavy  as  water. 

99.  Why  Does  a  Body  Float?  —  If  you  are  asked  why 
a  cork  or  a  pine  board  floats  on  water,  you  answer  that 
it  is  lighter  than  w^ter,  or  has  a  smaller  density  than 
water.     Does  any  body  float  wholly  on  the   surface, 


116 


JUNIOR  SCIENCE 


without  pushing  some  of  the  water  out  of  the  way?  Of 
course  not ;  the  heavier  it  is,  so  long  as  it  floats  at  all, 
the  deeper  it  will  sink  into  the  water.  A  piece  of  cork 
with  a  density  of  I  will  sink  until  |  of  its  volume  is  below 
water ;  a  piece  of  pine  wood  with  a  density  of  f  will  sink 
halfway.  A  cake  of  ice  having  a  density  of  about  0.92 
will  sink  imtil  0.92  of  its  volimie  is  below  water.  Thus 
less  than  ^  of  an  iceberg  is  above  water. 

Did  you  ever  think  that  it  is 
gravity  that  makes  bodies  sink  or 
float  ?  If  you  push  a  pine  block 
down  to  the  bottom  of  a  pail  of 
water,  it  bobs  up  again,  because 
gravity  pulls  the  heavier  sub- 
stance (the  water)  as  near  as 
possible  to  the  earth.  The  water 
then  pushes  up  the  wood.  For 
the  same  reason,  when  we  say 
that  a  column  of  warm  air  ascends, 
we  mean  that  gravity  pulls  down 
on  the  heavy,  cold  air,  and  this  heavier  air  pushes  the 
warm  air  up.  This  is  the  way  that  gravity  causes  the 
winds  (cf.  §  79). 

Have  you  ever  tried  to  lift  a  heavy  stone  up  from  the  bottom  of  a 
stream  or  pond?  If  you  have,  you  must  have  been  surprised  to  find 
that  the  stone  seemed  to  get  heavier  when  it  left  the  water.  In  the 
case  of  a  floating  board  the  water  supports  all  of  the  weight.  In  the 
case  of  the  stone  the  water  supports  part  of  its  weight.  We  have  to 
make  a  greater  effort  when  we  lift  the  stone  entirely  out  of  the  water, 
for  the  water  then  ceases  to  push  up,  or  buoy  up,  the  stone.  For  this 
reason  any  object  weighs  less  in  water  than  in  air  (Fig.  66). 


Fig.  66.  —  An  object  weighs 
less  in  water  than  in  air,  be- 
cause it  is  buoyed  up  by  the 
water. 


FORCE  AND  ENERGY 


117 


100.  Can  You  Stand  an  Egg  on  End  ?  —  Why  does  an 
egg  or  a  top  prefer  to  lie  on  its  side  ?  Why  is  it  so  hard 
to  make  a  slender  stick  stand  upright?  Everywhere  we 
find  examples  of  the  fact  that 
irregular  bodies  must  be  placed 
in  certain  positions,  or  they  will 
turn  over.  You  have  seen  tops 
that  stood  upright  while  spinning. 
A  pencil  may  be  made  to  stand  on 
its  point  if  weights,  such  as  knives, 
are  attached  to  it,  as  in  Fig.  67.   J-  '^'^l  T^^n 

An   empty  ship  must  be  ballasted,     that  the  center  of   gravity  is 
....        J  rax         •  below  the  point  of  support. 

or  it  IS  m  danger  of      tummg 

turtle.''  So  men  know  well  that  if  they  want  to  keep  a 
body  upright,  they  must  see  to  it  that  the  matter  of  the 
body  is  properly  distributed.  To  understand  how  the 
matter  of  a  body  must  be  distributed  in  order  that  the 

body  may  stand,  let  us  use 
the  following  illustrations.  If 
a  wooden  ball  is  placed  on  a 
smooth,  horizontal  surface,  it 
will  he  in  any  position,  be- 
cause all  the  matter  in  the 
Fig.  68. --The  lower  part  of  ball is eveuly  distributed about 

the  toy  IS  of  heavy  material,  while     .  r^  v     ii  •     i     ii» 

the  upper  part  is  of  light  material ;    itS   Center,  but  if   a  ball  IS  half 

?^^'^l^y^^^'^^^^^^^^<>^  wood  and  half  lead,  more  of 

the  matter  is  in  the  lead  half 
of  the  ball  than  in  the  wood  half,  so  that  the  ball  turns 
imtil  the  lead  is  below.  You  have  all  played  with  the 
toy  '*  tumbler  ''  that  will  not  he  on  its  side ;  this  toy  has 
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heavy  material  in  its  lower  part  and  lighter  material  in 
the  upper  part  (Fig.  68) . 

We  speak  of  the  point  about  which  all  the  matter  of 
a  body  is  balanced  as  the  ^*  center  of  gravity/'  or  ^^  center 
of  mass/'  of  the  body.  A  body  is  able  to  stand  when 
we  can  keep  the  center  of  gravity  above  the  base  on 
which  the  body  rests.  But  a  body  stands  best,  or  is 
*^  most  stable/'  when  this  center  is  in  the  lowest  position 
possible.  If  a  body  is  free  to  move,  it  will  turn  until 
this  center  is  in  its  lowest  position. 

Why,  then,  does  an  egg  he  on  its  side?  Because  in 
this  position  the  center  of  gravity  of  the  egg  is  lowest. 
The  egg  is  so  rounded  that  we  cannot  support  it  and 
keep  its  center  of  gravity  above  the  spot  where  the  egg 
touches  the  table.  If  we  make  a  dent  in  the  end  of  the 
egg,  of  course  we  can  make  it  stand  upright.  We  our- 
selves can  stand  only  when  we  keep  the  center  of  gravity 
of  oiu"  bodies  directly  above  our  feet. 

101.  Can  a  Body  Move  Itself?  —  What  happens  when 
you  are  standing  in  a  street  car  and  the  car  suddenly 
stops?  Your  feet  stop  with  the  car,  but  your  body  goes 
on  and  you  fall.  What  happens  when  the  car  starts 
suddenly  ?  When  a  car  turns  a  corner,  your  body  travels 
straight  ahead,  while  your  feet  follow  the  car.  So  you 
fall  to  one  side.  When  you  play  ^^  tag  "  and  your  play- 
mate  comes  rushing  toward  you  at  full  speed,  why  do 
you  spring  aside,  or  ^^  dodge  "?  Is  it  not  because  you 
know  that  he  cannot  stop  himself  at  once?  What  is 
true  of  our  bodies  is  true  of  every  body  of  matter.  Does 
a  baseball  start  itself?    No,  it  must  be  thrown.     Does 
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it  stop  itself?  No,  it  stops  because  it  rubs  against  the 
uneven  places  on  the  ground,  or  because  the  air  resists 
its  passage,  or  because  some  one  catches  it.  Bodies  of 
matter  are  helpless,  they  cannot  move  themselves,  or 
set  themselves  in  motion,  or  stop  themselves,  or  move 
in  any  direction  except  in  a  straight  line,  unless  something 
acts  upon  them.  We  call  this  quaUty  of  matter  inertia. 
So  matter,  besides  taking  up  space  and  having  weight, 
has  inertia. 

You  can  think  of  ever  so  many  cases  in  which  we  make  use  of  the 
inertia  of  matter;  some  have  ah-eady  been  given.  When  you  shake 
the  dirt  out  of  a  rug,  you  really  shake  the  rug  away  from  the  dirt ; 
the  dirt  remains  behind.  Air  has  inertia,  just  as  it  occupies  space  and 
has  weight.  Just  try  to  push  the  air  away  suddenly  with  a  large  fan 
or  a  hoop  covered  with  a  newspaper ;  or  try  to  shut  a  door  against  a 
strong  wind,  and  you  will  find  that  the  air,  too,  is  hard  to  stop  and 
to  start. 

102.  Why  Does  a  Pendulum  Swing  ?  —  Make  a  pen- 
dulum by  hanging  a  weight,  such  as  a  piece  of  lead  or  iron, 
by  means  of  a  long  thread  from  a  gas  j  et  or  other  support. 
Draw  the  weight  aside  and  let  go  of  it.     What  happens  ? 

Did  you  lift  the  weight  when  you  drew  it  aside  ?  Prove 
this  by  measuring  the  distance  to  the  floor  for  both 
positions  of  the  weight.  Does  the  pendulum  fall  when 
you  let  go  of  it?  What  makes  it  swing?  Why  does  it 
not  stop  at  the  lowest  point  of  its  path?  Is  a  swing  a 
penduliun?  What  stops  the  swing  when  we  *' let  the 
old  cat  die  ''? 

Make  a  pendulum  with  a  thread  about  39  inches  long  and  count 
the  number  of  swings  it  makes  in  a  minute.     Adjust  the  length  of 
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the  thread  so  that  the  pendulum  will  make  60  swings  a  minute,  or 
one  a  second.    How  long  is  the  pendulum? 

Try  to  make  a  pendulum  that  will  swing  120  times  a  minute,  or 
twice  a  second;  how  long  is  it?  Make  one  with  a  thread  about  13 
feet  long  and  find  a  support  for  it.  Count  the  number  of  swings  it 
makes  in  a  minute. 

103.  What  is  a  Force  ?  —  Think  why  it  is  that  a  base- 
ball begins  to  move.  Is  it  not  because  some  other  body 
—  the  pitcher,  perhaps  —  gives  motion  to  it,  or  ^^  throws 
it  '^ ?  Why  does  a  bullet  move?  Is  it  not  the  exploding 
powder  that  causes  the  motion?  Why  does  the  cork  of 
a  popgun  fly  out?  It  is  the  air  we  have  compressed  in 
the  ''  gun  '^  that  pushes  out  the  cork.  In  the  ^^  bow  and 
arrow,''  on  the  other  hand,  the  bent  bow  straightens 
itself  and  so  sends  the  arrow  to  its  mark. 

What  shall  we  call  a  body  of  matter  that  gives  motion 
to  another  body,  or  stops  its  motion,  or  changes  the 
direction  of  its  motion?  We  call  it  a  force,  or,  better, 
we  say  that  it  exerts  force  upon  the  other  body  of  matter. 
A  force  is  a  push  or  a  pull.  So  the  earth  exerts  force 
upon  the  moon  and  other  bodies  near  it;  we  call  this 
the  force  of  gravitation.  When  a  pitcher  throws  a  ball, 
or  a  horse  pulls  a  wagon,  the  muscular  force  of  the  pitcher 
or  the  horse  is  causing  motion.  Air  exerts  force  both 
by  pushmg  agamst  bodies  that  pass  through  it,  and  also 
as  wind,  which  is  air  in  motion.  The  force  of  the  air 
at  rest  makes  it  possible  for  a  moving  airplane  to  '^  fly  " 
and  a  balloon  to  go  up;  while  the  force  of  air  in 
motion  makes  kites  rise,  windmills  turn,  and  ships  sail 
the  sea. 
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The  resistance  which  a  body  meets  when  it  pushes  its 
way  through  air  or  water,  or  along  the  ground,  and  which 
one  part  of  machinery  meets  as  it  rubs  against  another 
part,  is  a  very  important  force ;  we  call  it  friction.  How 
do  men  make  the  friction  between  a  wheel  and  its  axle 
as  smaU  as  possible? 

104.  When  Has  a  Body  Energy  ?  —  What  do  we  mean 
when  we  say  that  one  person  has  energy  and  another 
has  not?  In  a  general  way,  we  mean  that  one  person 
can  do  work  and  another  cannot.  This  is  what  energy 
means  in  science,  too:  the  ability  to  do  work.  When  we 
Uft  a  hammer,  we  do  work  upon  that  hammer.  Because 
we  lift  it  against  gravity  and  thus  do  work  upon  it,  it  in 
turn  can  do  work  when  gravity  pulls  it  down :  it  helps 
us  to  break  a  nutshell,  or  drive  a  nail.  Why  is  it  so  much 
harder  to  drive  a  nail  into  the  ceiling  than  into  the  floor  ? 

We  can  think  of  energy  in  two  forms :  energy  of  posi- 
tion and  energy  of  motion.  The  hammer  or  pendulum, 
while  it  is  held  up  in  the  air,  has  energy  of  position; 
when  it  falls,  its  energy  is  changed  into  energy  of  motion. 
The  water  of  a  waterfall  has  energy  of  position  at  the  top 
of  the  fall,  but  it  has  energy  of  motion  as  it  comes  down. 
What  kind  of  energy  is  in  a  wound-up  clock  spring  ? 

105.  Why  Do  Objects  Fly  from  the  Center  ?  —  Have 
you  ever  watched  the  mud  fly  off  a  carriage  wheel,  or 
the  water  fly  off  a  revolving  grindstone?  If  you  have, 
you  must  have  noticed  that  the  mud  or  the  water  flies 
from  the  revolving  wheel  or  stone  in  a  straight  line.  Why 
is  it  that  while  the  mud  is  attached  to  the  wheel  it  re- 
volves in  a  circle  with  the  wheel,  yet  the  instant  it  is 
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free  from  the  wheel  it  flies  off  in  a  straight  line?  We 
notice,  too,  that  the  Unes  along  which  the  mud  flies  off 
do  not  come  straight  out  from  the  center  of  the  circle, 
but  just  touch  the  outside  of  the  circle  (Fig.  69,  a) ;  such 
lines  are  called  tangent  (tan'jent)  lines.  The  reason  for 
this  ^*  flying  off  from  the  center  ''  is  the  same  as  the  one 

that  explains  why 
you  lurch  side- 
ways when  a  car 
moves  around  a 
curve :  the  inertia 
of  matter  keeps 
the  mud  moving 
in  the  same  du'ec- 
tion  in  which  it 
was  going  at  the 
a,  6.  moment  it  left  the 

Fig.  69.  —  a.  The  ball  moves  in  a  circle  because  Wneei. 

inertia  tries  to  take  it  forward  in  a  straight  line,  Attach  a  Small 
while  the  string  holds  it  always  at  the  same  distance 

from  the  center,     b.  As  the  pail  is  whirled  by  the  rubber    ball  tO     B, 

untwisting  of  the  rope,  the  water  is  piled  up  against  i    •                  j  v  •  i 

the  sides  of  the  pail.     Why?  StnUg      and  WhU^l 

it  carefully  about 
your  hand.  Its  path  is  a  circle ;  but  if  you  let  go  of 
the  string,  the  ball  flies  off  in  a  tangent  line.  The 
circular  path  is  caused  by  the  resistance  of  the  string, 
which  makes  the  ball  remain  always  at  the  same  distance 
from  your  hand,  and  by  the  inertia  of  the  ball,  which, 
if  it  could,  would  make  the  ball  fly  off  in  a  tangent  line. 

This  pull  which  matter  exerts  in  its  effort  to  fly  off  a 
revolving  body,  is  called  the  centrifugal  force  of  the  body. 
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It  is,  of  course,  a  result  of  the  inertia  of  the  matter  in 
the  body.     Do  you  suppose  men  can  use  centrifugal 
force  for  anything?     Study  a  whirling  pail  (Fig:  69,  b) 
and  a  dairy  separator     _ 
(Fig.  70). 

106.  Why  Do  Plan- 
ets Revolve  around 
theSun?— Theplan- 
ets  are  much  larger 
than  the  ball  that  we 
whirled  with  a  string, 
but  the  reason  why 
their  path,  or  orbit, 
is  round  is  much  the 
same.  Instead  of  a 
string  we  have  the 
force  of  gravity.  If 
this  acted  alone  the 
planets  would  fallinto 
the  sun.  ■  If  gravity 
were  to  stop,  they 
would  go  off  in  straight 
lines  into  space.  And 
60  the  two  forces :  the 
tendency  of  matter 
to  move  off  in  tangent  lines,  together  with  gravitation, 
makes  the  planets  revolve  about  the  sun,  just  as  the 
ball  we  whirl  revolves  about  our  hand. 

107.  Is  There  Any  Force  in  a  Water  Surface  ?  —  Have 
you  ever  thought  why  a  piece  of  clean  glass  becomes  wet 


Fio.  70.  —  In  the  dairy  separator  use  ia 
made  of  "  centrifugal  force."  During  the 
whirlins.  the  skim  mi[k,  which  is  heavier  than 
the  cream,  moves  out  farther  than  the  cream  ; 
tliua  tlie  twij  are  separated.      What  was  the  old 
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Fig.  71.  —  Force  must  be 
exerted  to  tear  the  glass  away 
from  the  water. 


when  put  into  water,  while  a  piece  of  greasy  glass  does 
not?  If  we  hold  a  sheet  of  glass  down  against  a  water 
surface-,  and  then  try  to  pull  the  glass  away,  we  find  that 

we  must  exert  more  force  than  is 
needed  to  lift  the  glass  against 
gravity  alone  (Fig.  71).  Another 
force  resists  our  tearing  the  glass 
away.  The  force  that  holds  the 
water  particles  together  is  called 
cohesion,  while  the  force  that 
holds  two  different  substances,  as 
water  and  glass,  together  is  called 
adhesion.  A  postage  stamp  ad- 
heres to  the  envelope.  The  ad- 
hesion of  water  to  glass  is  a  greater  force  than  the  cohesion 
of  water,  or  the  water  would  not  wet  the  glass. 

Have  you  ever  thought  why  liquids  form  drops?  We  know  that 
a  large  surface  of  water  is  flat  (horizontal),  because  gravity  pulls  down 
on  all  parts  of  the  surface.  But  when  the  body  of  water  is  small 
(a  drop),  the  effect  of  gravity 
is  also  small,  and  cohesion  is 
able  to  pull  the  water  into  the 
form  of  a  sphere.  The  water 
surface  acts  like  a  tightly 
stretched,  elastic  covering,  say 
of  rubber.  That  there  is  such 
an  elastic  surface  is  shown  by  the  trick  by  which  we  can  float  a  needle 
upon  water  (Fig.  72).  We  grease  the  needle  slightly,  so  that  water 
will  not  wet  it,  and  then  put  it  down  carefully  on  the  water's  surface. 
A  fork  will  help  us  to  do  this.  Note  how  the  needle  stretches  the 
elastic  water  surface,  without  breaking  it.  Is  the  needle  heavier,  or 
lighter,  than  water? 


Fig.  72.  —  The  greased   needle  stretches 
the  water  surface  without  breaking  it. 
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108.  Why  Does  a  Blotter  Absorb  Ink?  —  Did  you 
ever  wonder  why,  if  you  touch  a  drop  of  ink  with  a 
blotter,  the  whole  drop  flows  into  the  blotter?  Or  have 
you  ever  left  one  comer  of  a  dry  towel  in  a  dish  of,  water 
and  found  the  water  rose  into  the  towel?  The  force 
exerted  is  called  capillary  action.  Capillary  means 
hairlike.  The  action  is  so  called  because  it 
takes  place  best  in  tiny  tubes. 

Capillary  action  takes  place  between  water 
and  glass  tubes  because  the  water  wets  the 
inside  of  the  tube  and 
because  the  surface  of  r 
the  water  is  elastic. 
If  we  have  some  water 
in  a  dish,  or  in  a  large 
tube,  the  water  is 
raised  only  at  its  edge 
(Fig.  73).  The  elastic 
surface  does  not  have 
force  enough  to  lift 
the  water  in  a  column. 
But  if  we  use  a  tiny  tube  —  a  capillary  tube  —  the 
weight  of  water  is  small  and  the  force  of  the  elastic 
surface  pulls  the  column  of  water  up  in  the  tube.  In 
blotters,  cloth,  string,  soil,  and  other  loose  materials, 
the  spaces  are  so  small  that  they  act  as  a  multitude  of 
fine  tubes. 

In  watering  a  potted  plant  we  often  set  the  pot 
in  a  dish  of  water ;  how  does  the  water  get  up  to  the 
plant  ? 


Fio.  73.  —  The  elastic  water  surface  has 
force  enough  to  lift  the  water,  against  gravity, 
up  into  the  tube  and  around  the  side  of  the  dish. 
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109.  Exercises. —  1.  What  do  we  call  the  force  which  you  must 
overcome  in  driving  a  nail  into  wood? 

2.  What  causes  water,  mercury,  kerosene,  and  other  liquids  to 
form  drops?  Why  does  a  drop  of  water  not  remain  spherical  on  a 
table  while  a  drop  of  mercury  does? 

3.  Why  is  it  possible  to  ride  on  a  bicycle  and  not  fall  to  one  side 
or  the  other  ? 

4.  Why  does  a  steel  ship  float? 

5.  Why  does  an  engine  begin  to  slow  up  long  before  it  is  near  the 
station? 

6.  How  could  you  find  out  which  is  the  heavier,  gasoline  or  water ; 
olive  oil  or  water ;  marble  or  gold ;  iron  or  lead ;  salt  brine  or  water? 

7.  If  dropped  from  the  same  height  at  the  same  time,  which  will 
strike  the  ground  the  sooner,  a  pound  bag  of  feathers  or  a  pound  bag 
of  iron  nails  ? 

8.  Why  is  it  hard  for  a  two-legged  chair  to  stand?  Which  is 
harder  to  push  over,  a  three-legged  or  a  four-legged  stool?  Has  a 
three-legged  stool  any  advantage  over  a  four-legged  one  on  rough 
ground? 

9.  When  you  pitch  a  baseball,  or  bat  a  tennis  ball,  why  do  you 
have  to  "  allow  for  the  wind  "?  Does  an  apple  fall  straight  down  on 
a  windy  day?  Why?  Does  this  mean  that  gravity  is  not  pulling 
straight  down  on  such  a  day? 

10.  Why  should  a  brick  or  stone  wall  be  built  "  plumb  "  ?    Why 
does  not  the  "  leaning  tower  "  fall  over? 

11.  Would  it  be  easier  for  you  to  float  in  fresh  water  or  salt  water? 
Why? 

12.  Would   iron  float   on   mercury?     See  Appendix,  Table    III. 
About  how  much  of  the  iron  would  sink  into  the  mercury? 


CHAPTER  XIII 

SUBSTANCES 

110.  What  is  a  Substance?  —  Substances  are  the 
different  kinds  of  matter;  have  you  ever  thought  what 
a  wonderful  variety  of  them  there  is  in  this  world  of 
ours  ?  Some  of  them  are  gases,  some  are  Uquids,  and  some 
are  sohds.  Some  are  colorless,  some  have  color ;  some  dis- 
solve, others  do  not ;  some  are  light  and  some  are  heavy ; 
some  we  can  see  through  (they  are  transparent)  and 
others  we  cannot  see  through  (they  are  opaque) ;  some 
we  can  set  on  fire  and  others  refuse  to  burn.  Then,  too, 
some  substances,  as  limestone,  air,  and  water,  are  very 
abimdant  in  the  earth,  while  others,  Uke  gold  and  dia- 
monds, are  rare.  Thousands  of  different  substances 
are  known  and  many  more  will  probably  be  discovered 
as  time  goes  on.  The  qitalities  by  which  we  tell  sub- 
stances from  one  another  are  called  the  properties  of 
those  substances.  Thus,  one  of  the  properties  of  salt 
and  sugar  is  their  taste ;  the  color,  odor,  and  density  of 
a  substance,  whether  it  will  dissolve  or  burn,  and  many 
other  qualities  are  also  properties  of  the  substance. 

Tell  all  the  properties  you  know  of  pine  wood,  soap, 
sugar,  glass,  iron,  and  milk. 

111.  Can  Substances  Be  Changed?  —  It  is  easy  for 
us  to  see  that  many  substances  change,  for  they  gain 
new  properties  or  lose  old  ones.     Liquid  water  becomes 
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a  gas  (water  vapor)  or  a  solid  (ice).  A  ''  tin  "  can  rusts 
away.  Fruit  juices  ferment;  milk  sours;  cut  grass  be- 
comes hay.  If  we  examine  a  cliff,  we  see  heaps  of  chips 
and  dust  at  its  base ;  these  were  broken  off  from  the  cliff. 
Wonderful  changes  take  place  in  our  own  bodies.  Men 
eat  many  different  kinds  of  food,  but  in  some  way  these 
foods  are  changed  into  the  material  of  which  man's  body 
is  built  up. 

If  we  put  iron  into  a  fire,  it  becomes  hot.  It  may 
become  red  or  white-hot  and  give  off  Ught.  But  if  it  is 
removed  from  the  fire,  it  gradually  gives  off  the  heat  it 
gained  and  finally  looks  just  as  at  first.  Men  may  break 
off  coal  in  a  mine  hoist  it  above  the  surface,  and  haul  it 
to  our  coal  bin,  but  it  is  still  coal.  These  changes  have 
not  really  altered  the  coal.  We  call  such  changes  physical 
changes.  But  if  the  iron  poker  is  left  in  a  damp  cellar, 
it  rusts  (cf.  §  34).  If  we  bum  the  coal,  its  carbon  disap- 
pears and  carbon  dioxide  is  formed.  The  iron  of  the  poker 
and  the  carbon  of  the  coal  have  each  combined  with 
oxygen  to  form  new  substances :  rust  and  carbon  dioxide. 
Such  changes  as  these  are  called  chemical  changes,  be- 
cause they  are  studied  in  chemistry. 

112.  Can  Water  Be  Changed?  —  Of  course  we  know 
that  water  can  be  changed  to  a  gas  or  a  solid  and  then 
changed  back  into  liquid  water.  But  can  it  be  broken 
up  into  other  substances  ?  If  you  can  get  the  apparatus, 
the  following  experiment  (Fig.  74)  will  give  you  the 
answer  : 

Let  two  wires  from  a  battery  of  several  cells,  or  some 
other  source  of  the  electric  current,  pass  into  a  vessel 
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containing  water  and  a  very  little  sulph^^^ic  acid.     The 
wires  inside  the  vessel  are  of  platinum  and  they  have 
tips  of  platinum  foil  so  as  to  make  their  surfaces  larger. 
We  call  the  ends  of  the  wires  the  poles  of  the  battery. 
If  we  were  to  put  the  platinum  poles  together,  the  current 
would  have  a  complete  passageway,  or  dreuit,  without 
going  through  the  dilute  acid.     But  if  we  keep  the  poles 
apart,  the  current  must  pass  through  the  dilute  acid. 
While  the  acid  is  carrying  the 
current  from  one  pole  to  another, 
a  strange  thing  happens :    bub- 
bles of  gas  arise  from  each  pole. 
We  can  collect  the  gas  by  putting 
over  each  pole  a  test  tube  filled 
with  some   of    the   dilute   acid. 

We  then  see  that  one  tube  be-  r.Jt'b-J«l.,";p^thet:Lt(u;; 
comes  filled    with    the    bubbles   ^^^  ^^'p' ,  <*""'«   Buiphurio 

,        ,     ,      .  .  „  ,         Bcid)  into  hydrogen  and  dxygen. 

about   twice  as  rapidly   as   the 

other.  If  we  put  a  burning  splinter  into  the  gas  that 
is  collected  the  more  slowly,  the  splinter  bums  more 
brightly  than  in  air.  If  the  splinter  is  merely  glow- 
ing, it  will  burst  into  flame.  The  gas  in  this  tube  is 
oxygen.  If  we  bring  a  flame  near  the  other  gas,  the  gas 
takes  fire  with  a  slight  explosion,  or  "  pop,"  and  then 
bums  with  a  blue  flame  that  is  almost  invisible.  This 
gas  is  called  hydrogen,  meaning  "  water-former."  The 
hydrogen  and  oxygen  are  obtained  by  the  breaking  up 
of  water  by  the  electric  current ;  we  call  the  experiment 
the  electrolysis  (e-lgk-trel'I-sis)  of  water.  Is  it  a  physical 
change,  or  a  chemical  one? 
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113.  What  is  an  Element?  —  The  breaking  up  of 
water  by  the  electric  current  was  a  great  triumph  for 
science.  Has  the  question  come  to  you :  ''  Can  hydrogen 
and  oxygen  in  their  turn  be  broken  up  into  some  other 
substances,  as  water  was?  "  The  answer  is  that  they 
have  never  been  broken  up,  up  to  the  present  time. 
A  substance  Uke  pure  water,  which  is  not  mixed  with 
something  else  and  which  has  at  least  two  kinds  of  matter 
combined  in  itself  is  called  a  compound.  A  kind  of  matter 
Uke  oxygen,  which  we  have  never  been  able  to  break  up, 
is  called  a  simple  substance,  or  an  element.  There  are 
probably  several  hundred  thousand  known  compounds. 
All  are  made  out  of  80  or  90  elements.  Most  contain 
only  2,  3,  or  4  of  these  elements.  In  the  same  way  we 
make  all  the  words  of  our  language  out  of  26  letters. 
Carbon  is  an  element,  too ;  also  iron,  nitrogen,  sulphiu*, 
mercury,  and  phosphorus. 

Mixtures  are  very  different  from  compounds.  Sugar  is  a  com- 
poimd  and  salt  is  a  compound,  but  when  the  two  are  powdered  and 
rubbed  together  we  get  a  mixture  of  these  two  compounds.  When 
sugar  and  sulphur  are  rubbed  together,  we  get  a  mixture  of  a  com- 
pound with  an  element.  When  powdered  iron  and  sulphur  are  rubbed 
together,  we  get  a  mixture  of  two  elements.  Soil  is  a  mixture  of  many 
substances.  Air  is  a  mixture  of  nitrogen,  oxygen,  water  vapor,  carbon 
dioxide,  and  small  amounts  of  other  gases  (cf.  §  26). 

114.  How  Can  We  Prepare  Hydrogen?  —  If  we  want 
to  get  some  hydrogen  for  study,  we  might  get  it  out  of 
water,  by  the  action  of  the  electric  current ;  but  there  are 
easier  ways.  You  remember  how  marble  foamed  when 
you  put  hydrochloric  acid  upon  it  (cf,  §  38).    The  gas 
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given  oflF  was  carbon  dioxide.  When  "  dilute  "  hydro- 
chloric acid  (that  is,  hydrochloric  acid  mixed  with  much 
water)  is  put  upon  zinc  or  iron,  a  similar  foaming  takes 
place,  but  in  this  case  the  gas  is  hydrogen.  The  hydrogen 
is  present  in  the  acid;  the  action  of  the  metal  sets  the 
hydrogen  free  as  an  element. 


fci=4ii 


O 


i 


Hydrogen  , 


a 


n 


'Air 


a. 


b. 


Z\ 


Fig.  75,  a  and  b.  —  Hydrogen  being  prepared  from  zinc  and  a  dilute  acid. 
It  may  be  collected  "over  water"  or  "over  air." 

Put  som^e  bits  of  zinc  in  a  glass  tube  (test  tube)  or  a  small  wide- 
mouthed  bottle  (see  Fig.  22),  and  cover  the  zinc  with  dilute  hydro- 
chloric or  sulphuric  acid.  See  how  the  liquid  foams,  owing  to  the 
escape  of  tiny  hydrogen  bubbles.  If  the  zinc  does  not  act  rapidly 
with  the  acid,  pour  off  the  acid  and  cover  the  zinc  with  a  dilute  solu- 
tion of  bliie  vitriol  (copper  sulphate) ;  after  a  few  moments  pour  the 
solution  off.  The  zinc  will  then  be  covered  with  a  thin,  black  coating 
of  copper.  If  you  now  add  the  acid  to  the  zinc,  the  two  will  act  rapidly. 
When  the  mixture  is  foaming,  apply  a  match  to  the  mouth  of  the 
test  tube.  Be  careful.  Do  you  get  any  evidence  that  hydrogen 
bums? 

We  can  prepare  more  hydrogen  in  a  bottle  which  is  fitted  with  a 
two-hole  stopper,  a  "  thistle  "  tube,  and  a  delivery  tube  reaching  into 
a  water  pan  (Fig.  75,  a).    The  thistle  tube  allows  us  to  add  fresh 
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supplies  of  the*  acid ;  it  also  lets  the  hydrogen  escape  if  the  delivery 
tube  is  stopped  up.  Hydrogen  is  collected  over  water,  as  oxygen  is, 
because  only  a  little  dissolves  in  the  water. 

We  can  also  collect  hydrogen  "  over  air/'  as  is  shown 
in  Fig.  75,  6.  Do  you  think  from  this  fact  that  it  is 
lighter,  or  heavier,  than  air? 

115.  What  is  Hydrogen  Like?  —  If  you  have  collected 
hydrogen  "  over  air,''  you  have  learned  that  it  is  as  color- 
less as  air  and  oxygen.    As  we  make  it,  it  has  an  odor, 

but  the  pure  gas  is  odorless.  It 
is  the  lightest  gas  known:  air 
is  14.4  times  as  heavy  as  hy- 
drogen; oxygen  is  16  times  as 
heavy ;  carbon  dioxide  is  22  times 
as  heavy.  It  would  take  15 
gallons  of  hydrogen  to  weigh  as 
biea  with  hydrogen?  Why  do  much  as  a  uickel  five-ceut  picce 
'^^'''^'  (5  grams). 

One  way  to  show  how  light  hydrogen  is,  is  to  fill  soap 
bubbles  with  it  (Fig.  76).  For  this  purpose  a  clay  pipe 
may  be  used  instead  of  a  delivery  tube.  The  bubbles 
will  rise  rapidly.  Do  you  suppose  hydrogen  would  be 
useful  in  the  making  of  airships  and  balloons  ? 

If  you  collect  a  bottle  of  hydrogen,  as  is  shown  in  §  114,  you  can 
find  out  whether  hydrogen  allows  wood  to  burn  in  it,  as  oxygen  did. 
First  let  the  hydrogen  escape  for  a  minute  or  two  from  the  bottle  in 
which  it  is  being  prepared,  so  as  to  make  sure  that  the  air  that  was 
in  the  bottle  at  first  has  been  swept  out.  Then  collect  a  bottleful  of 
hydrogen  "  over  water."  Now  raise  the  bottle  of  gas,  keeping  the 
bottle  mouth  downward,  and  put  a  burning  splinter  up  into  the  bottle. 
There  will  be  a  slight  "  pop  '*  as  the  hydrogen  is  set  on  fire  at  the 


Fig.  76.  —  Filling  soap  bub- 
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Burning 
Hydrogen 


mouth  of  the  bottle,  but  the  flame  on  the  splinter  up  in  the  bottle 
wiU  be  put  out.  This  shows  that  hydrogen  burns  where  it  can  get 
at  the  oxygen  of  the  air,  but  wood  does  not  bum  in,  or  unite  with,  the 
hydrogen  as  it  does  with  oxygen.  A  burning  candle,  a  burning  strip 
of  paper,  or  a  burning  wick  containing  kerosene  would  all  act  as  the 
wood  does.  We  say  that  hydrogen  "  burns,  but  does  not  support 
combustion."  Hydrogen  is  not  poisonous.  Do  you  think  we  could 
breathe  it  instead  of  oxygen? 

116.  What  Is  Formed  When  Hydrogen  Bums  ?  — We 

learned  in  §  27  that  when  a  substance  bums  in  the  air, 

it  unites  with  oxygen ;  we  also 

learned    in   §  112    that    when 

water  is   broken    up   by  the 

electric  current,   its   elements 

are  found  to  be  hydrogen  and 

oxygen.  What  substance,  then, 

might  we  expect  to  be  formed 

when  hydrogen  bums  in  air? 

If  you  wish  to  light  a  jet 
of  hydrogen,  you  must  take 
care  that  the  hydrogen  is  not 
mixed  with  air.  If  it  is  mixed 
with  air,  there  will  be  a  vio- 
lent explosion  when  the  flame 
is  brought  near  it,  and  the 
glass  may  be  blown  into  your 
face.     So  be  sure  to  make  the  following  test  for  hydrogen  : 

Safety  Test  for  Hydrogen.  —  First  be  sure  that  the  gas  is  coming 
off  rapidly.  Put  a  test  tube  down  over  the  outlet  tube,  as  in  Fig.  75,  6, 
for  a  full  minute ;  now  carry  the  tube,  with  its  mouth  downward,  to 
a  flame  at  least  3  feet  away.    Finally  carry  the  test  tube,  still  with 


Water 
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Fig.  77.  —  Burning  hydrogen. 
Before  lighting  the  gas  be  sure 
to  make  the  "safety  test."  As 
the  hydrogen  burns,  a  fog  forms 
on  the  inside  of  the  beaker  and 
finally  water  drops  from  the  edge 
of  the  beaker.  With  what  element 
does  hydrogen  unite  when  it 
bums? 
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its  mouth  downward,  back  to  the  jet  of  hydrogen.    Repeat  the  test 
until  the  test  tube  of  burning  hydrogen  sets  the  jet  on  fire  (Fig.  77) . 

You  will  find  that  the  flame  is  nearly  colorless,  but  very 
hot.  If  we  put  over  the  jet  of  burning  hydrogen  a  large 
glass  or  bottle,  the  inside  will  soon  be  covered  with  a 
watery  mist ;  after  a  while  drops  of  water  run  down  and 
drip  from  the  mouth  of  the  jar  So  it  is  water  that  is 
formed  when  hydrogen  burns  in  air.  After  the  hydrogen 
has  heated  the  tip  of  the  glass,  the  flame  becomes  yellow. 
This  is  due  to  an  element  named  sodium^  which  is  part  of 
the  glass. 

117.  Do  Our  Fuels  Contain  Hydrogen?  —  Put  a  bright 
tin  saucepan  of  cold  water  over  a  gas  bimier,  or  a  gas 
stove.  Make  sure  that  the  outside  is  perfectly  dry  and 
that  the  dish  does  not  leak.  If  possible,  pi^^.  a  second 
dish  over  an  alcohol  lamp  or  over  the  chimney  of  a 
kerosene  lamp.  What  is  deposited  over  the  bottom  and 
the  sides  of  the  dish?  Can  it  be  water?  Where  did  it 
come  from?  This  experiment  shows  us  that  the  gas, 
alcohol,  and  kerosene  contain  hydrogen.  When  they  are 
burned,  their  hydrogen  unites  with  the  oxygen  of  the 
air  to  form  water.  The  carbon  they  contain  bums  to 
form  carbon  dioxide.  This  is  not  condensed  by  the  cold 
dish.  So  in  most  of  our  fuels  we  are  really  burning  hy- 
drogen as  well  as  carbon,  and  water  is  formed  as  well  as 
carbon  dioxide. 

118.  Is  Salt  an  Element?  —  All  of  us  know  something 
of  salt,  the  substance  we  use  in  seasoning  our  food  and 
in  preserving  certain  foods,  such  as  salted  meats  and 
fish.    It  is  found  in  large  amounts  in  sea  water  and  in 
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salt  water ;  it  is  also  found  in  layers  in  the  earth,  as 
rock  salt.  We  obtain  salt  from  salt  water  by  letting  the 
sun  evaporate  the  water,  or  by  boiling  it  off  over  a  fire. 

Perform  this  experimeDt :  Dissolve  as  much  salt  as  possible  in  a 
small  amount  of  clear  water  and  let  a  thin  layer  of  this  solution  stand 
in  a  shallow  dLsh  until  the  watfr  evatx>rat<'s.    If  you  examine  the 


Fia.  78,  —  The  preparation  of  salt  for  our  use  ia  a  great  industry. 

lumps  of  salt  left,  especially  with  a  mf^nifying  glass,  you  will  find  that 
they  are  cubes  and  that  they  are  arranged  in  masses  that  are  "hopper 
shaped,"  that  is,  like  a  four-sided  funnel.  When  a  substance  separates 
from  a  solution  in  regular  shapes,  it  is  said  to  crystallize,  and  the  regular- 
shaped  masses  which  it  forms  are  called  crystals.  In  salt  these  crystals 
are  often  very  large.  You  have  also  seen  crystals  of  sugar.  Lai^e 
sugar  crystals  we  call  "  rock  candy  "  (Fig.  79). 
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If  we  heat  salt,  we  find  we  cannot  change  it,  even  at 
red  heat.  If  the  salt  is  heated  white  hot,  it  melts,  as 
ice  does  at  0°  C.  When  men  passed  an  electric  current 
through  melted  salt,  an  interesting  change  took  place. 
At  one  pole  there  was  found  a  shining  metal,  looking  like 
silver.  This  is  called  sodium.  At  the  other  pole  there 
appeared  a  greenish-yellow  gas  called  chlorine  (chlor'in). 
When  the  sodium  is  cold,  it  is  solid,  but  it  is  so  soft  that 
it  can  be  cut  like  wax.  Thus  we  see  that  just  as  we  can 
separate  water  into  two  elements,  hydrogen  and  oxygen. 
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Fig.  79.  —  Crystals  of  salt,  alum,   sugar,   and   quartz.     Note   the   beautiful 

forms  in  which  matter  arranges  itself. 

SO  we  can  separate  salt  into  sodium  and  chlorine.  The 
chemist  calls  salt,  sodium  chloride,  to  show  that  it  con- 
tains sodium  and  chlorine.  What  might  water  be  called  ? 
Review  §  32. 

Just  as  we  can  cause  hydrogen  and  oxygen  to  reunite 
to  form  water,  so  we  can  get  sodium  and  chlorine  to  form 
salt.  If  a  thin  shaving  of  sodium  is  put  into  chlorine, 
the  shiny  sodium  and  the  green  chlorine  disappear, 
leaving  white  salt  in  their  place. 

119.  What  is  Sulphur  Like  ?  —  Examine  some  of  the 
substance  known  as  sulphur,  or  ''  brimstone.''  It  is  a 
yellow  solid  having  no  odor.  Sulphur  does  not  dissolve 
in  water  or  in  the  mouth;  so  it  has  no  taste.     If  you 
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drop  a  lump  into  water,  it  will  sink,  because  its  density- 
is  greater  than  water. 

If  you  heat  some  sulphur  carefully  in  a  test  tube  or  porcelain  dish, 
you  find  that  it  melts  to  form  a  light-yellow  liquid  which  is  easily 
poured.  As  you  heat  it  hotter,  the  sulphur  becomes  darker  and  harder 
to  pour.  Heat  it  still  hotter  and  you  will  find  it  remains  dark  in  color, 
but  can  now  be  poured.  If  you  boil  the  sulphur,  ytu  will  see  that  its 
vapor  is  light  brown.  If  you  pour  the  boiling  sulphur  into  cold  water, 
you  will  get  an  elastic  solid.  This  is  still  sulphur,  but  it  changes  back 
to  its  original  form  very  slowly. 

Sulphur  is  an  element,  so  neither  heat,  nor  electricity, 
nor  any  other  means  we  know  of,  will  break  it  up  into 
anything  else.  It  bums  when  heated  to  its  kindling 
temperature,  forming  sulphur  dioxide  (cf.  §  24),  a  gas 
with  a  sharp  odor.  We  often  get  this  odor  when  a  match 
is  struck,  because  of  the  sulphur  in  the  match  head. 
Sulphur  combines  with  many  metals,  even  when  they 
are  simply  rubbed  with  it. 

Clean  a  one-cent  piece  with  gasolene  and  rub  it  dry, 
then  put  on  it  a  bit  of  sulphur  and  rub  the  two  together. 
The  black  spot  which  appears  is  copper  sulphide.  If 
we  know  that  there  is  sulphur  in  eggs,  can  you  tell  why 
silver  egg  spoons  become  black  ? 

The  sulphur  in  the  United  States  is  obtained  in  Louisi- 
ana, where  there  is  a  deposit  half  a  mile  in  diameter. 
Some  is  also  found  in  Texas  and  California.  Europe  gets 
most  of  its  supply  from  Sicily. 

120.  What  is  Phosphorus  Like?  —  We  have  already 
learned  something  of  the  element  phosphorus,  of  the 
great  activity  of  the  yellow  form,  and  of  the  power  of 
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burning  phosphorus  to  remove  all  the  oxygen  from  a 
bottle  of  air.  Phosphorus  is  one  of  the  elements  neces- 
sary for  the  bodies  of  animals.  When  the  bones  of.  an 
animal  are  burned,  a  compound  of  calcium,  phosphorus, 
and  oxygen  (calcium  phosphate)  forms  a  large  part  of 
the  ashes.  It  is  out  of  these  bone  ashes  and  out  of 
natural  calcium  phosphate  found  as  a  rock  that  phos- 
phorus is  made. 

Yellow  phosphorus  unites  readily  with  oxygen,  even 
when  it  is  cold ;  in  doing  so  it  gives  oflF  light.  You  have 
seen  the  bright  streak  left  when  phosphorus  matches  are 
struck  in  the  dark.  The  name  phosphorescence y  meaning 
''  producing  of  bright  Ught,''  is  applied  to  this.  Yellow 
phosphorus  is  used  as  a  poison  for  rats  and  other  vermin, 
as  well  as  in  matches.  Red  phosphorus  is  used  in  the 
making  of  safety  matches. 

121.  What  is  a  Match?  —  We  rarely  think  of  the 
convenience  of  having  matches  until  we  are  without 
them.  Matches  were  first  made  in  1827.  They  "  work  " 
because  phosphorus  is  easily  set  on  fire  by  rubbing 
(friction),  if  there  is  present  a  substance  to  give  it 
oxygen.  The  "  parlor ''  match,  which  can  be  struck 
anywhere,  has  a  tip  containing  yellow  phosphorus, 
paraffin,  or  sulphur,  and  an  oxidizing  substance  like 
potassium  chlorate  or  red  lead.  Glue  is  used  to  make 
the  substances  stick  to  the  splinter.  When  the  match 
is  rubbed  or  struck,  the  phosphorus  unites  with  the 
oxygen  of  the  potassium  chlorate  or  red  lead.  The 
heat  produced  by  the  burning  of  the  phosphorus  sets 
the  paraffin  or  sulphur  on  fire  and  the  heat  from  this 
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fire  heats  the  wood  to  the  temperature  at  which  it  begins 
to  bum. 

Safety  matches  are  not  so  convenient  as  parlor  matches  because 
they  must  be  struck  on  the  box.  The  surface  of  the  box  contains  the 
phosphorus ;  it  is  red  phosphorus  instead  of  the  yellow  form.  When 
the  tip  of  the  match  is  rubbed  against  the  surface  of  the  box,  a  little 
of  the  red  phosphorus  is  changed  to  the  yellow,  and  the  burning  of 
this  substance  starts  the  burning  of  the  match  tip. 

The  use  of  yellow  phosphorus  for  matches  is  forbidden 
in  many  countries  of  Europe.  Its  use  is  prevented  in 
the  United  States  by  a  tax  on  matches  containing  it. 
The  reason  why  matches  containing  yellow  phosphorus 
are  not  wanted  is,  first,  that  they  are  easily  set  on  fire  by 
careless  handling,  by  children,  and  even  by  rats  and  mice. 
Great  fire  losses  occur  where  parlor  matches  are  used. 
A  second  reason  is  that  the  vapor  from  them  is  dan- 
gerous to  the  workmen  who  make  or  handle  them. 

^'  Strike  anywhere  ''  matches  are  now  being  made  with 
a  compound  of  phosphorus  and  sulphur  (phosphorus 
sulphide)  which  does  not  give  off  the  vapor  of  phosphorus 
and  which  is  not  so  easily  set  on  fire  as  phosphorus  itself. 

What  a  great  deal  of  science  there  is  in  the  striking  of 
a  match ! 

122.  Exercises.  —  1.  Read  a  recipe  for  the  making  of  johnny- 
cake.  Is  johnny-cake  a  mixture  or  a  compound?  What  reason  have 
you  for  thinking  that  wood  is  not  an  element? 

2.  Judging  from  the  names  of  the  following  compounds,  tell  what 
elements  are  in  each :  lead  sulphide,  iron  oxide,  carbon  dioxide,  sodium 
chloride. 

3.  If  you  had  a  bottle  of  carbon  dioxide  and  one  of  hydrogen,  how 
could  you  tell  which  was  which? 
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year '' ;  the  scientist  says :     ''  There  is  no  life  without 
water." 

124.  What  is  Water  Like  ?  —  We  aheady  know  some- 
thing of  what  water  is  Uke.  In  a  small  amount  it  is 
without  color,  but  a  large  amount  of  it  looks  blue.  Our 
drinking  water  has  a  taste,  because  of  substances  dis- 
solved in  it,  but  water  that  has  nothing  in  it  is  tasteless 
and  flat,  much  like  boiled  water.  We  have  learned  that 
the  boiling  point  of  water  is  100°  C.  and  is  used  as  a 
standard  mark  on  the  thermometer,  as  is  also  its  freez- 
ing point,  0°  C.  A  cubic  foot  of  water  weighs  about 
62.5  pounds  and  a  cubic  centimeter  of  it  at  4°  C.  weighs 
one  gram.  If  you  put  warm  water  in  a  flask  with  a 
very  small  neck  and  cool  the  flask,  the  water  shrinks  in 
volume  until  its  temperature  is  4°  C.  (39°  F.) ;  then  it 
expands  until  its  temperature  is  0°  C.  Water  is  there- 
fore most  dense y  or  heavy,  at  4°  C.  and  not  at  0°  C. 
Because  of  this  fact  the  water  at  the  bottom  of  lakes  is 
rarely  cooled  lower  than  4°  C. ;  for  if  it  becomes  colder, 
it  expands,  and  rises  instead  of  sinking.  When  water 
freezes,  it  expands,  so  that  100  cubic  feet  of  water  become 
109  cubic  feet  of  ice.  So  when  we  have  ice  at  the  top,  we 
have  water  near  0°  C.  just  under  the  ice,  and  water  near 
4°  C.  at  the  bottom.  Because  this  is  so,  water  animals 
and  plants  can  live  through  the  winter  and  in  the  deep 
waters  of  the  frigid  zone.  Ice,  Uke  water,  is  blue  in  large 
masses. 

You  know  how  readily  salt,  sugar,  soda,  and  many 
other  substances  disappear  in  water;  we  say  they  dis- 
solve, and  that  water  is  the  solvent.     Other  Uquids,  such 
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as  alcohol,  are  used  to  dissolve  substances  which  water 
cannot,  but  water  is  our  most  common  solvent. 

Hold  a  lump  of  sugar  so  that  its  lower  side  just  touches  the  surface 
of  some  water  in  a  clear  glass  and  watch  the  appearance  of  the  liquid. 
The  oily  appearance  is  caused  by  the  sinking  of  the  sugar  solution 
before  it  has  mixed  with  the  rest  of  the  water.  Do  the  same  with  a 
lump  of  copper  sulphate  (bluestone  or  blue  vitriol).  Are  the  solutions 
of  sugar  and  blue  vitriol  heavier  or  lighter  than  the  water  used? 
What  are  the  colors  of  the  solutions? 

125.  How  Does  Water  Boil?  —  Watch  the  water  in  a 
pan  as  it  nears  boiling.  At'  first  there  are  tiny  bubbles 
that  escape;  these  are  chiefly  air  that  was  dissolved  in 
the  water.  Then,  as  the  temperature  rises,  there  are 
larger  bubbles  of  steam  that  start  from  the  bottom,  but 
do  not  rise  to  the  top.  These  condense  and  cause  the 
*'  singing  ''  of  the  water,  but  the  water  is  not  yet  boiling. 
Finally  the  bubbles  rise  to  the  surface  and  burst;  as 
they  do  so,  they  have  force  enough  to  push  out  the  air. 
The  bubbles  jump  up  and  down  when  there  is  real  boil- 
ing. Then  and  then  only,  will  a  thermometer  register 
the  boiling  point  of  water. 

We  must  remember  that  the  temperature  at  which  water  boils 
depends  on  how  heavily  the  atmosphere  presses  down  upon  the  water. 
As  we  ascend  a  mountain  and  leave  more  and  more  of  the  atmosphere 
below  us,  water  does  not  need  to  be  heated  so  hot  to  make  it  boil. 
The  steam  bubbles  do  not  need  to  have  as  much  force  to  push  away 
from  the  water  as  they  did  when  the  air  was  pressing  harder  upon  them. 
The  boiling  point  is  lowered  about  V  C.  for  every  960  feet  we  ascend 
above  sea  level.  So  water  boils  at  92.3°  C.  at  Mexico  City,  7500  feet 
above  the  sea.  At  Denver,  5500  feet  high,  it  boils  at  about  95°  C.  At 
about  what  temperature  will  it  boil  on  Pikes  Peak,  14,108  feet  high? 
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126.  How  Is  Ice  Made  ?  —  Years  ago  ice  was  carried 
to  tropical  countries  in  ships,  but  modem  methods  of 
living  require  so  much  ice  that  a  great  deal  of  our  ice  is 
manufactured,  even  in  temperate  zones.  How  can  we 
make  ice  in  summer?  We  have  already  learned  that 
the  reason  why  perspiration  cools  us  is  that  the  heat  needed 
to  evaporate  it  comes  from  our  bodies  (cf.  §  71).  Water 
evaporated  in  a  porous  jug  cools  the  water  inside. 

Substances  that  evaporate 
rapidly  can  be  made  to  take 
away  so  much  heat  that  very 
low  temperatures  can  be  ob- 
tained. Pour  out  a  little  ether 
into  a  shallow  pan,  such  as  the 
cover  of  a  baking-powder  can 
(Fig.  80),  set  it  on  a  few  drops 

FiQ.  80.  —  By  causing  the  ether      r         j.  ij  i»ijj 

to  evaporate  rapidly  you  can  freeze   Of  Water  plaCCQ  OU  SOmC  toidea 

the  water  under  the  pan.     Use  a   writing  paper,  and  by  mcaUS  of 
long  tube  and  perform  the  expen-  i  j  i_    n  /  i_      i 

ment  near  a  window  with  an  out-   a  tubc  and  bcUoWS  (yOUT  chcckS 

gomg  draft.  ,^^  servc  as  bellows)  force  air 

rapidly  through  the  ether.  The  dish  can  be  frozen  to 
the  paper !  The  principle  of  rapid  evaporation  is  used  to 
make  artificial  ice.  Think  what  a  blessing  it  is  that  hot 
countries  can  have  ice  for  keeping  food  and  water  cool. 
The  liquid  that  is  used  to  freeze  water  is  liquid  ammonia. 
This  is  not  ammonia  water,  but  the  gas  ammonia  which  has 
been  strongly  compressed  imtil  it  turns  to  the  liquid  state. 

Usually  the  liquid  ammonia  is  made  in  strong  pipes  (Fig.  81), 
When  the  gas  is  compressed  into  the  liquid  form,  it  becomes  hot ;  so 
men  cool  it  by  spraying  running  water  over  the  pipes  which  hold  the 
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ammonia.  Now,  when  the  pressure  is  removed,  the  ammonia  boils 
vigorously  and  in  so  doing  takes  up  a  great  deal  of  heat ;  for  juBt  as 
much  heat  is  needed  to  turn  the  liquid  ammonia  back  into  the  ain- 
monia  g^,  as  was  given  ofF  by  the  gas  when  it  was  compressed  to  a 
liquid.  So  the  pipes  become  very  cold,  and  when  they  are  run  through 
a  salt  brine,  they  cool  it  to  perhaps  —15°  C  This  cold  salt  brine  is 
used  for  cooling  purposes,  just  as  hot  water  is  used  for  heating.  If 
we  put  it  around  molds,  or  tanks  of  water,  heat  is  taken  from  the 
water  untS  it  is  frozen  (Fig.  81).    Cold  brine  is  also  used  in  cold-storage 


warehouses  and  in  refrigerator  cars  to  produce  a  low  temperature. 
In  this  way  butter,  e^s,  meat,  and  fruits  are  kept  cold  to  prevent  their 
spoiling  (F^.  82). 

127.  How  Is  Ice  Cream  Frozen?  —  You  know  how 
ice  cream  is  made.  The  cream  is  placed  in  a  pail  sur- 
rounded by  a  mixture  of  salt  and  ice.  As  the  freezer 
is  turned,  the  cream  comes  in  contact  with  the  cold  walls 
of  the  pail  and  is  frozen.  But  why  does  a  mixture  of 
ice  and  salt  give  a  colder  temperature  than  ice  alone? 
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When  we  draw  water  from  a  faucet  and  put  ice  into 
it,  the  ice  melts.  Where  does  the  heat  come  from  that 
is  needed  to  melt  the  ice?  It  comes  from  the  water; 
therefore  the  water  is  cooled,  if  there  is  enough  ice,  to  0°  C, 
which  is  the  temperature  of  melting  ice  or  freezing  water. 


What  happens  when  we  put  salt  upon  ice?  The  ice 
begins  to  melt,  forming  water,  and  the  salt  dissolves  in 
the  water,  producing  a  salt  solution,  or  salt  brine.  The 
ice  is  really  melting  in  salt  brine.  The  heat  needed  to 
keep  up  the  melting  comes  from  the  brine.  But  as  salt 
brine  does  not  freeze  until  it  is  cooled  to  about  — 20°  C, 
the  melting  of  the  ice  will  continue  until  this  temperature 
is  reached.  Now,  while  a  temperature  of  0°  C.  is  not 
low  enough  to  freeze  cream,  one  of  —20°  C.  is. 

How  is  the  making  of  artificial  ice  different  from  the 
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freezing  of  cream?  In  the  making  of  ice  we  produce  a 
cold  brine  by  the  rapid  boiling  of  liquid  ammonia;  in 
freezing  ice  cream  we  cool  the  brine  by  the  rapid  melting 
of  ice  in  the  brine. 

128.  How  Do  Bodies  of  Water  Aflfect  Climate?  — 
Have  you  ever  wondered  why  peaches  are  grown  so  suc- 
cessfully in  the  "  peach  belt ''  on  the  eastern  shore  of 
Lake  Michigan,  while  they  cannot  be  grown  success- 
fully at  many  places  that  are  much  farther  south,  but 
away  from  the  water?  Can  you  tell  why  grapes  are 
grown  in  large  quantities  on  the  eastern  and  southeastern 
shores  of  Lake  Erie,  in  New  York,  Pennsylvania,  and 
Ohio?  The  answer  is  found  in  a  peculiar  quality,  or 
property,  of  water. 

If  you  try  to  heat  a  pound  of  water  and  a  pound  of 
iron  over  two  burners  giving  the  same  amount  of  heat, 
the  iron  reaches  100°  C.  long  before  the  water  does.  But 
when  you  stop  heating  them,  the  iron  cools  much  more 
rapidly  than  the  water.  If  you  have  a  pound  of  iron  and 
one  of  hot  water,  both  at  100°,  and  put  each  separately 
into  a  pan  of  ice,  the  heat  in  the  water  will  melt  about 
9  times  as  much  ice  as  the  heat  in  the  iron  will.  We  say 
that  water  has  a  greater  heat  capacity  than  the  iron  has. 
Now  the  land,  like  iron,  has  a  small  heat  capacity.  Be- 
cause of  this  it  is  heated  up  more  rapidly  by  the  sun 
than  water  is,  but  it  also  cools  more  rapidly.  So  a 
place  that  is  inland,  or  away  from  the  water,  has  great 
extremes  of  heat  and  cold,  while  a  place  near  a  large 
body  of  water  is  kept  warmer  in  winter  and  cooler  in 
summer  by  the  presence  of  the  water. 
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We  can  now  answer  the  question  regarding  the  peach 
orchards  on  the  eastern  shore  of  Lake  Michigan  and  the 
grape  vineyards  on  the  southeastern  shore  of  Lake  Erie. 
The  prevailmg  cold  wmds  of  the  winter  in  the  region  of 
the  Great  Lakes  are  from  the  northwest,  and  the  winds 
are  wanned  as  they  pass  over  these  large  bodies  of  water. 
As  a  result  the  weather  of  winter  is  less  severe  on  the 
eastern  shores  than  on  the  western  shores  of  these  lakes. 

Why  is  the  eastern  shore  of  Lake  Michigan  dotted  with 
summer  resorts?  Why  do  people  go  to  the  shore  of  the 
ocean  in  hot  weather  ? 

This  effect  of  water  upon  the  land  is  much  greater  if  currents  of 
cold  or  of  warm  water  flow  along  the  shore.  Thus  the  shores  of 
Alaska,  British  Columbia,  and  the  Pacific  Northwest  have  a  mild 
winter  climate,  owing  to  the  Japan  current  which  passes  along  the 
coast.  The  Gulf  Stream,  containing  warm  water,  carries  heat  from 
the  tropics  up  to  the  western  coast  of  Europe  and  keeps  open  water 
in  the  most  northern  Norwegian  ports. 

129.  How  Does  Water  Change  the  Earth's  Surface  ? — 
Did  you  ever  wonder  what  becomes  of  all  the  rain? 
About  35,000  cubic  miles  of  it  fall  upon  the  land  every 
year.  This  is  nearly  seven  times  as  much  water  as  is 
stored  in  our  Great  Lakes.  The  rain  that  falls  upon 
the  earth  and  washes  away  the  soil,  the  crystals  of  frost 
that  freeze  within  the  cracks  of  the  rocks  and  burst  the 
rocks  apart,  the  great  sheets  of  snow  and  ice  that  have 
moved  over  large  areas  of  the  earth  —  these  have  chiseled 
the  land  into  its  present  forms.  Water  is  thus  not  only 
the  storehouse  of  the  sun's  heat,  but  also  the  great  sculptor 
of  the  earth's  surface. 
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You  have  heard  of  the  Grand  Cafion  of  the  Colorado  River  and  of 
other  deep  cafions,  or  gorges,  like  it  (Fig.  83).  The  Grand  Cafion  is 
217  miles  long,  8  to  15  miles  wide,  and  a  mile  deep.  Do  you  think  that 
the  river  just  ran  down  into  a  d6ep  crack  in  the  mountains  and  took 
it  for  its  bed?  No ;  the  river  itself  dug  its  own  bed  by  wearing  away 
the  rock  little  by  little,  century  after  century.  The  Ohio  has  carried 
the  wearing-away  process  farther  and  flows  through  a  peaceful  valley 
bordered  by  rounded  hills ;  the  Mississippi,  Nile,  and  Hoang-Ho  have 
worn  down  their  valleys  to  low,  fertile  flood  plains,  but  little  above  sea 
level.  What  force  causes  water  to  fall  and  to  run  downhill  to  the  sea? 
What  lifted  the  water  to  the  mountain  tops? 

Why  is  it  that  the  seashore  is  so  interesting  to  you? 
Because  there  are  long  stretches  of  sandy  beaches,  great 
waves,  and  ships  on  long  voyages.  The  shoreline  is  a 
place  of  great  interest  to  the  scientist  also.  There  the 
land  and  sea  meet  and  carry  on  their  agelong  struggle  for 
the  possession  of  the  dry  ground.  The  rain  wears  away 
the  land,  the  rivers  carry  their  sediments  to  the  sea,  and 
the  sea,  not  satisfied  with  the  work  of  its  allies,  the  rain 
and  the  rivers,  pounds  away  at  the  shore  itself,  slowly 
cutting  it  away,  so  as  to  extend  the  empire  of  water. 
Which  will  win?  The  average  height  of  the  continents 
above  sea  level  is  about  2300  feet ;  but  the  average  depth 
of  the  sea  is  about  six  times  as  great,  or  13,000  feet.  So, 
if  the  sea  could  get  the  complete  mastery,  its  waters  could 
cover  all  the  land  with  a  layer  of  water  about  two  miles 
deep. 

130.  Exercises.  —  1.  Explain  why  water  is  believed  to  be  a  com- 
pound rather  than  an  element. 

2.  Is  a  cubic  foot  of  water  heavier,  or  lighter,  than  a  cubic  foot  of 
ice?    How  do  you  know? 
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3.  Do  lakes  and  ponds  generally  freeze  to  the  bottom?  Would 
they  be  more,  or  less,  likely  to,  if  ice  were  heavier  than  water? 

4.  How  is  salt  commonly  obtained  from  salt  water? 

5.  Do  you  suppose  any  substances  besides  water  act  as  solvents? 
What  is  the  solvent  used  in  most  medicines  ? 

6.  When  the  water  used  for  cooking  potatoes  has  begun  boiling, 
will  the  potatoes  be  cooked  more  quickly,  if  there  are  two  burners 
instead  of  one  under  the  boiling  water? 

7.  Is  any  dessert  made  by  freezing  flavored  water  instead  of  cream  ? 

8.  What  causes  the  bursting  of  water  pipes  in  winter?  Why  are 
hydrants  sometimes  left  turned  on  a  little  during  a  very  cold  night? 

9.  Why  is  it  easier  to  swim  in  the  ocean  than  in  fresh  water? 

10.  How  does  the  freezing  of  the  groimd  help  to  break  it  up  for  the 
next  year's  crops? 


CHAPTER  XV 

WATER  SUPPLY  AND  SEWERAGE 

131.  Why  Do  We  Need  So  Much  Water  ?  —  Have  you 
ever  thought  how  much  we  depend  upon  an  abundant  sup- 
ply of  water  ?  In  our  homes  we  need  it  for  bathing,  for 
cooking^and  for  drinking,  for  washing  dishes  and  clothing, 
for  spraying  lawns  and  gardens  and  to  carry  waste  ma- 
terial into  the  sewerage  system.  As  ice  it  preserves  our 
food  and  with  salt  makes  our  common  freezing  mixture. 

Industries  need  water  to  furnish  steam  power  for  ma- 
chinery. Some  industries,  like  refineries  for  petroleum 
and  sugar,  as  well  as  laundries,  tanneries,  slaughter 
houses,  starch  factories,  gas  works,  paper  mills,  and  dye 
works,  need  it  for  washing  and  rinsing  on  a  large  scale. 
Cities  need  water  for  fire  protection  and  for  cleaning 
streets  and  to  carry  away  sewage. 

132.  How  Do  Cities  Get  Their  Water  ?  —  Have  you 
ever  seen  the  waterworks  of  your  community?  It  is 
necessary  that  water  shiall  have  some  pressure  in  the 
pipes,  so  that  it  will  flow  from  the  faucets  rapidly  and 
will  rise  to  the  top  floors  of  buildings.  There  must  also 
be  enough  pressure  so  that  we  can  throw  a  powerful 
stream  of  water  in  case  of  fire.  Some  cities  get  their 
water  to  flow  by  a  '^  gravity "  system.  This  means 
that  the  water  level  of  some  pure  stream,  reservoir,  or 
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lake  near  the  city  is  higher  than  any  buildings  of  the 
city,  so  the  water  can  simply  flow  downhill  to  the  city 
and  up  into  its  buildings.  Denver  has  such  a  water 
supply.  If  a  gravity  system  is  not  possible,  water  is 
often  pumped  by  a  strong  steam  force  pump  up  into  a 
high  tank,  or  reservoir,  or  '^  standpipe '' ;  from  this  it 
can  flow  down  to  the  ground  and  up  into  buildmgs. 

You  have  seen  pictures  of  the  great  Roman  aqueducts,  by  which 
water  was  brought  to  the  city  of  Rome  from  distant  lakes  or  springs. 
New  York  City  now  receives  its  water  through  a  great  aqueduct  from 
the  Catskills,  90  miles  away.  At  one  place  the  water  is  carried  under 
the  Hudson  River.  Los  Angeles  gets  its  water  from  mountains  many 
miles  away.  The  cities  on  the  Great  Lakes  get  their  water  supply 
from  the  lakes.  As  the  sewage  from  the  city  may  pollute  the  water, 
the  "  intakes  "  (places  where  the  water  is  taken  in)  are  usuaUy  several 
miles  from  the  shore.  Chicago  has  built  the  "  Drainage  Canal " 
at  great  cost,  to  carry  water  from  Lake  Michigan  into  the  Illinois 
River ;  thus  it  sends  the  city's  sewage  into  the  Mississippi  instead  of 
letting  it  pollute  Lake  Michigan.  , 

133.  How  Do  We  Get  Water  in  the  Country  ?  —  In 
the  country  we  get  water  from  cisterns,  wells,  or  springs. 
We  dig  wells,  not  to  strike  underground  streams  or 
*'  veins  "  of  water,  but  to  make  holes  into  which  the 
"  groundwater "  can  run.  This  is  the  water  which 
saturates  the  ground  everywhere  below  certain  levels. 
You  can  see  how  this  is,  if  you  dig  a  hole  into  ground  that 
is  water-soaked  after  a  rain.  Deep  wells  are  not  dug, 
but  are  drilledy  that  is,  bored  through  soil  and  rock  until 
a  level  is  reached  at  which  good  water  in  sufficient  amounts 
enters  the  well.  The  deeper  a  well,  the  greater  is  the  area 
of  the  ground  from  which  its  water  will  be  collected  and 


154  JUNIOR  SCIENCE 

the  more  likely  it  will  be  to  last  through  a  dry  season. 
Artesian  wells  are  deep  wells  drilled  through  a  layer  of 
rock  or  clay  which  holds  the  water  at  great  pressure. 
When  the  covering  is  pierced,  the  pressure  of  the  water 
forces  the  stream  to  the  top  of  the  well  and  sometimes 
high  into  the  air. 


;s  have  a  different  origin.     When  water  soaks  into  the  ground 
until  it  reaches  a  layer  of  rock  or  clay  that  it  cannot  penetrate  very 


easily,  it  will  collect  above  this  layer.  U  the  ground  is  sloping  and 
the  rock  layer  comes  near  the  surface,  as  on  a  hillside,  the  water 
bubbles  out  aa  a  spring  (Fig.  84). 

134.  What  is  Plumbing  ?  —  How  much  does  your 
family  pay  for  water?  In  some  cities  you  pay  a  "  flat 
rate,"  that  is,  no  matter  how  much  you  use,  you  pay 
a  certain  sum.  In  other  places  a  meter  is  put  into  your 
house  to  measure  the  volume  of  water  which  flows  from 
the  street  main  into  your  plumbing  system.  "  Plumb- 
ing "    comes    from    the    Latin    word    for    "  lead " ;  the 
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plumbing  includes  the  pipes,  the  faucets,  and  the  traps 
through  which  fresh  water  is  carried  into  the  house  and 
waste  water  is  carried  away  from  it.  Iron  pipes  as  well 
as  lead  ones  are  used  for  plmnbing ;  the  iron  is  "  gal- 
vanized," or  covered  with  zinc,  to  prevent  rusting. 

Lead  is  used  because  it  does  not  rust  easily  and  can 
easily  be  bent  around  corners.  When  lead  pipes  are 
fresh,  the  lead  may  be  oxidized  to  compounds  that  dis- 
solve  in   water.     These    may    cause    serious    sickness; 


From  sink 


Sediment 

waste, 

plufC 

Fig.  85.  —  The  faucet  on  the  left  is  "compression  bibb"  ;  the  handle  must 
be  turned  round  and  round  until  the  rubber  tip  closes  the  hole  below  it.  The 
faucet  in  the  middle  is  a  "Fuller"  faucet.  In  the  cut  the  faucet  is  open;  we 
close  it  by  pulling  the  handle  forward.  This  pulls  the  acorn-shaped  rubber 
"gasket"  forward,  so  that  it  closes  the  hole  through  which  the  water  escapes. 
The  figure  on  the  right  shows  a  "trap." 

hence  we  should  always  let  water  run  for  a  minute  from 
new  lead  pipes.  Old  lead  pipes  become  covered  inside 
with  a  coating  that  stops  further  action  of  the  water  upon 
the  lead. 


Faucets,  also  called  "  hydrants  "  or  "  bibbs,"  are  usually  made  of 
brass.    Two  forms  are  shown  in  Fig.  85. 

Did  you  ever  notice  the  waste  pipe  of  your  kitchen  sink?  A  trap 
(Fig.  85)  is  a  bend  in  the  waste  pipe ;  it  remains  full  of  water  and  thus 
forms  a  "  waterseal."  This  keeps  the  air  of  the  sewer  from  entering 
the  house.  Water  should  be  run  through  all  sinks  and  floor  drains 
every  day,  so  that  the  traps  may  be  kept  full  of  water. 
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■  186.  What  is  a  Pump?  —  Water  is  often  raised  from  a 
cistern  or  well  by  means  of  a  pump.  The  common  pump 
(Fig.  86,  o)  first  removes  the  air  from  a  pipe  extending 
under  the  surface  of  the  water,  just  as  we  do  when  we  drink 
lemonade  through  a  straw.  The  air  pressxire  forces  the 
water  up  to  the  piston  of  the  pump,  if  the  piston  is  not 


FiQ.  86.  —  a.  When  the  pump  handle  is  pushed  down,  the  pisbm  is  raised 
and  the  water  above  the  piston  is  lifted  to  the  leveL  of  the  apout  and  overflowB. 
When  the  pump  handle  is  raised,  the  piaton  is  pushed  down  and  ita  valve  ia 
opened,  while  the  "cylinder  valve"  ia  doaed.  h.  A  force  pump  throwa  a 
conatant  atreatn  of  water  because  of  the  oompreased  air  in  the  air  chamber. 

too  high  above  the  water  level.  When  the  piston  is 
forced  down  by  the  next  stroke  of  the  pump  a  valve  in 
the  piston  is  pushed  open,  and  water  rushes  above  the 
piston.  When  the  piston  is  forced  up  once  more,  the 
water  pressure  above  it  closes  the  valve  and  the  water 
above  the  piston  is  lifted  to  the  height  of  the  spout. 
This  is  called  a  lift  ptmip  and  is  useful  for  the  height  to 
which  air  pressure  can  raise  water,  that  is,  for  anything 
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less  than  34  feet.     Lift  pumps  are  not  perfect  and  so 
can  rarely  raise  water  more  than  28  or  30  feet  (cf.  §  17). 

136.  What  is  a  Force  Pump  ?  —  Did  you  ever  watch 
a  fire  engine  in  action  when  it  was  pumping  water  upon 
a  fire?  A  fire  engine  is  an  example  of  a  force  ptmip 
(Fig.  86,  b). 

A  force  pump  has  no  valve  in  the  piston.  When  the  piston  is 
raised,  the  pressure  of  the  atmosphere  forces  the  water  into  the  pipe 
and  cylinder.  When  we  force  the  piston  down,  the  water  below  closes 
the  valve  in  the  cylinder.  The  water  cannot  go  up  or  down,  so  it 
goes  out  through  the  discharge  valve  into  a  tank  containing  some  air 
(air  chamber).  The  air  is  compressed  by  the  pressure  of  the  water 
forced  into  it.  When  the  piston  is  raised  once  more,  the  water 
forced  through  the  discharge  "  backs  up,"  closing  the  discharge  valve. 
When  we  force  the  piston  down  again,  the  process  is  repeated.  In 
a  force  pump  there  is  a  constant  stream  of  water,  for  the  reason  that 
between  the  strokes  of  the  piston,  when  the  piston  itself  is  not  forcing 
the  water  out,  the  pressure  in  the  air  chamber  does  so.  What  advan- 
tage has  a  force  pump  over  a  lift  pump? 

137.  What  are  the  Dangers  in  Water?  —  What  is 
meant  by  "  pure ''  water?  That  depends  upon  the  use 
we  wish  to  make  of  it.  Natural  water  is  never  pure. 
You  can  see  that  if  the  soil  contains  substances  that  are 
soluble  in  water,  the  rain  that  has  flowed  through  it  will 
contain  some  of  these  substances  also.  Water  is  often 
rqily,  or  cloudy,  because  of  tiny  particles  that  it  carries 
along  without  dissolving  them.  Much  of  this  matter 
is  carried  to  the  sea.  The  undissolved  particles  are 
dropped  as  a  sediment,  and  the  dissolved  substances  are 
left  when  the  sea  water  evaporates.  There  are  nearly 
2.5  pounds  of  salt  in  every  100  pounds  of  sea  water,  and 


158 


JUNIOR  SCIENCE 


much  more  in  such  bodies  as  the  Dead  Sea  and  the  Great 
Salt  Lake. 

If  we  want  to  use  water  for  driiiking,  we  do  not  worry 
much  over  the  dissolved  gases  and  minerals,  but  we  are 
careful  to  find  out  about  its  injurious  bacteria,  or  germs, 
and  the  decaying  matter  upon  which  they  Uve.  If  we 
take  bacteria  of  certain  diseases,  such  as  typhoid  fever 

and  cholera,  in  our 
drinking  water,  we 
may  "  catch  "  those 
diseases.  If  there  is 
any  chance  that  drink- 
ing water  may  be  im- 
pure, we  should  have 
it  tested.  We  cannot 
depend  upon  the  ap- 
,    Fig.  87. -How  water  is  distilled.    The  pearauce  of  Water,  for 

water  is  turned  into  steam  and  the  steam  passes  a  dirty  lookiug   watei 
through    a    "condenser"    surrounded    by    a  i  -  ,  .| 

"jacket"    of    cold    water.     The    cold    water  I^^y     De     Saie,     Wmle 

enters  at  the  bottom  of  the  jacket  and  over-  one      aS      clear     aS      a 
flows  at  the  top.     Why? 

crystal  may  contam 
deadly  germs.  A  shallow  well,  either  on  a  farm  or  in 
a  village,  is  always  to  be  thought  of  as  a  possible 
danger,  for  surface  filth  may  be  washed  into  it  by  rain. 
Besides,  kitchen  drains,  outbuildings,  and  bams  may  be 
near  enough  to  pollute  it.  Ice  made  from  filthy  water 
is  also  dangerous,  for  the  disease  germs  are  not  killed  by 
freezing,  but  are  only  made  inactive.  They  become 
active  again  as  soon  as  they  get  into  food  and  when  we 
take  them  into  our  bodies. 
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138.  How   Can  We   Get  Pure  Drinking  Water?  — 

When  the  chemist  wants  pure  water,  he  distils  it  (Fig.  87) . 
We  can  get  pure  drinking  water  in  the  same  way.  The 
impurities  are  left  behind.  In  the  household  it  is  easier 
to  boil  water  than  to  distil  it.  Boiling  kills  the  germs, 
but  leaves  much  of  the  dissolved  materials  in  the  water. 


Do  you  like  the  flavor  of  distilled  or 
boiled  water  ?  Its  flat  taste  is  due  largely 
to  the  absence  of  the  gases  that  are 
present  in  natural  waters.  We  can  im- 
prove the  taste  by  shaking  the  water  in 
a  bottle  with  some  air,  or  by  pouring  the 
water  several  times  in  a  smaU  stream 
from  one  vessel  to  another.  Another  way 
is  to  filter  it  through  porous  stones.  In 
these  ways  the  water  may  be  made  to 
dissolve  some  of  the  air  it  lost  when  it 
was  distilled  or  boiled,  and  it  will  then 
have  a  better  taste.  Many  people  use 
a  filter  to  purify  water. 


* 


Fig.  88.  —  Figures  1,  2.  3; 
and  4,  on  the  left,  show  how 
a  circular  piece  of  filter  paper 
must  be  folded,  so  that  it  will 
form  a  cone  that  will  fit  nicely 
into  the  funnel. 


139.  What  is  a  Filter  ?  —  A  filter  is  a  screen  with  very 
small  openings  so  that  only  liquids  and  dissolved  sub- 
stances can  pass  through  (Fig.  88).  In  household  filters 
gravel,  charcoal,  and  porous  stone  may  be  used  as  filter- 
ing materials.  These  strain  out  the  impurities  which 
are  floating  in  the  water,  including  the  bacteria.  Small 
porous-stone  filters  may  be  attached  to  faucets.  The  water 
runs  through  from  the  outside  to  the  inside  of  the  filter,  and 
the  dirt  collects  on  the  outside  where  it  may  be  removed 
easily.  If  a  filter  is  not  cleaned  often,  it  becomes  clogged 
with  dirt  and  bacteria  and  is  worse  than  no  filter  at  all. 
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140.  Can  a  City  FUter  Its  Water  ?  —  How  do  you  sup- 
pose a  city  filters  its  water?  City  filter  systems  are 
made  of  beds  of  sand;  these  are  often  acres  in  extent. 
Sand  is  loose  and  contains  much  air.  The  oxygen  of 
the  air  (cf .  §  34)  can  thus  penetrate  far  into  it  and  destroy 
the  bacteria  of  disease.  After  soaking  through  the  sand, 
the  water  enters  reservoirs  from  which  it  is  pumped 
through  the  water  ''  mains ''  into  the  houses.  But  the 
large  filters,  like  the  small  ones,  must  be  emptied  some- 
times and  allowed  to  lie  idle,  so  that  the  sand  may  be 
purified  by  sunhght  and  air. 

141.  May  Water  be  Purified  by  Chemicals  ?  —  The 
bacteria  of  disease  that  are  present  in  water  may  be 
destroyed  by  means  of  certain  chemicals.  One  of  these 
is  chloride  of  lime,  or  ^^  bleaching  powder."  This  is  a 
white  solid  that  can  be  bought  in  metal  cans.  A  certain 
amount  of  it  when  put  intp  the  city's  water  supply  will 
make  the  water  fit  to  drink,  but  it  may  give  the  water  a 
slight  taste.  You  can  make  a  purifying  solution  for 
your  own  water  supply,  if  you  wish,  in  the  following  way : 

Rub  an  even  teaspoonful  of  chloride  of  lime  with  a  little  water  until 
aU  the  lumps  are  broken  up  and  you  get  a  smooth  paste.  Then  mix 
the  paste  with  four  cupfuls  of  water.  Put  this  solution  into  a  bottle, 
stopper  it  tightly,  and  let  it  settle.  To  purify  two  gallons  of  water, 
add  a  teaspoonful  of  the  clear  chloride  of  lime  solution,  stir  up  the 
water,  and  let  it  stand  for  ten  minutes. 

142.  What  is  Hard  Water?  —  We  often  hear  water 
spoken  of  as  "  hard,''  or  as  '^  soft,''  water.  If  you  live 
in  a  village  or  in  the  country,  you  have  probably  noticed 
that  water  from  a  cistern  is  often  used  for  washing  pur- 
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poses,  while  water  from  the  faucet  or  well  is  used  for 
drinking  purposes.  Cistern  water  is  very  likely  to  be 
impure,  in  that  it  contains  many  bacteria,  and  it  may, 
therefore,  be  unfit  to  drink.  Why  is  it  better,  then, 
for  washing?  When  soap  is  used  in  the  soft  rain  water 
of  the  cistern,  a  lather,  or  suds,  is  quickly  and  easily 
formed,  but  the  soap  lathers  with  great  difficulty  in,  the 
hard  water.  Rain  water  is  always  soft.  Since  well 
and  spring  waters  were  once  rain 
water,  they  must  have  become  hard 
in  their  passage  through  the  ground. 
In  seeping  through  rock  and  ground 
layers,  the  water  dissolves  some  sub- 
stances which  make  it  hard.  Some 
of  these  substances  are  made  in- 
soluble when  the  water  is  boiled 
and  come  out  as  "  scale  "  (Fig.  89) ; 
others  must  be  forced  out  by  means 
of  some  chemical,  such  as  ammonia.  Ask  your  mother 
what  substances  besides  ammonia  are  used  to  make  water 
soft.     Does  soap  soften  hard  water? 

143.  Exercises. —  1.  Is  your  city  water  hard  or  soft?  Does  the 
inside  of  your  teakettle  have  a  scaly  deposit?  Where  does  it  come 
from?  What  is  the  source  of  your  water  supply?  Put  a  clean  pebble 
into  your  teakettle  and  leave  it  there  for  some  weeks.  Examine  it 
from  time  to  time  to  see  if  it  increases  in  size. 

2.  What  is  the  danger  in  drinking  surface  water? 

3.  What  are  the  dangers  in  camping?  How  may  they  be  over- 
come? 

4.  What  are  the  ways  of  purifying  water? 

5.  Why  is  it  necessary  to  clean  a  filter  frequently? 


Fig.  89.  . —  How  the 
"hardness"  of  water  is  de- 
posited on  the  inside  of  a 
teakettle. 
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6.  What  is  the  value  of  a  "  trap  "? 

7.  Make  a  definition  for  distillation. 

8.  Find  out  what  industries  in  your  city,  or  the  city  nearest  you, 
need  a  large  supply  of  water  and  why.  • 

9.  Find  out  from  the  water  department  of  your  city  how  many 
gallons  of  water  the  city  uses  in  a  year.  What  is  the  population  of 
your  city?    How  much  is  its  per  capita  consumption  of  water? 


CHAPTER  XVI 


ROCKS    AND    SOIL 

144.  What  is  the  Earth's  Crust?  — What  do  you 
suppose  the  mside  of  the  earth  would  look  like,  if  we  could 
cut  it  through  its  center  into  two  great  halves?  This 
is  something  men  have  often  wondered  alDout.  In  such 
a  cutting,  or  cross  section  (Fig. 
90),  there  would  be  at  least  four 
different  layers  to  think  of.  First, 
there  is  the  atmosphere,  or  gas 
layer ;  then  there  is  the  water 
layer  that  covers  about  f  of  the 
earth ;  the  third  is  the  land  layer, 
or  crust,  upon  which  we  live; 
the  fourth  is  the  inside,  or  core. 

In  this  chapter  we  consider  the 
third  layer :  the  crust.  You  may 
have  heard  people  say :  '^  Now 
we  are  at  the  bed  rock  of  the 
argument. ' '    What  did  they  mean 

by  this  ?  They  meant  that  they  were  through  with  all  the 
Uttle,  outside  reasons  and  had  reached  the  most  im- 
portant of  all.  In  the  earth's  crust  there  are  two  layers : 
the  mantle  rock  and  the  bed  rock.  The  mantle  rock  is 
the  loose,  outer  covering  of  soil,  sand,  clay,  gravel,  and 
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Fig.  90.  —  This  gives  us  an 
idea  how  a  cross  section  of  the 
earth  would  look.  Of  course, 
the  outer  layers  are  not  nearly 
so  thick  as  the  figure  shows 
them. 
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pebbles.  This  may  usually  be  worked  without  much 
difficulty.  But  the  bed  rock  underneath  is  firm,  hard, 
and  difficult  to  cut  through.  A.  railroad  cut  or  a  road 
cut  is  sometimes  deep  enough  to  cut  through  the  mantle 
rock  into  the  bed  rock.  Mantle  rock  is  much  thinner  at 
some  places  than  others ;  in  fact  the  bed  rock  sometimes 
comes  to  the  surface  and  we  have  an  outcrop.  Have  you 
ever  seen  a  river  which  has 
cut  down  to  bed  rock  ? 

14S.  What  are  the  Classes 
of  Rocks  ?  —  Examine  a 
piece  of  soft  coal  and  note 
that  a  cross  section  of  the 
coal  is  marked  by  a  multi- 
tude of  parallel  lines,  be- 
cause the  coal  is  made  of 
thin  layers.  Limestone  looks 
Fio.  91.  —  A  orosfl  goctioa  ot  the  much  the  Same.     Such  rocks 

rook  layers  under  the  NiagarB  FbUb.  „,.    j  „*__ijfl_  j   „_  ii  „„J„ 

Note  how  the  layers  ot  hard  rooit  are  ^re  called  stratmed,  or    made 

bemgunderminedbythewearinHaway    („     layers."        One    layer    of 
of  the  soft  rookfl.     (After  Gilbert.)  ''  *' 

matenal  seems  to  have  been 
spread  evenly  over  another,  just  as  one  leaf  of  a  book 
is  laid  upon  another. 

The  rocka  into  which  Niagara  Falls  <Fig.  91)  haa  cut  are  good  ex- 
amples of  stratified  rocks.  The  rock  under  the  Niagara  River  is  a 
hard  limestone.  This  covers  a  soft  shale  layer  and  farther  down  we 
find  some  sandstone  layers.    Limestone,  sandstone,  and  shale  are 

stratified  rocks. 

Some  rocks  are  not  composed  of  layers.  They  are 
formed  of  crystallized  masses  which  are  interlaced  and 
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pressed  tightly  together.  These  are  unstratified  rocks. 
Granite,  lava,  and  pumice  are  good  examples  of  mi- 
stratified  rocks. 

Marble  is  believed  to  be  a  stratified  rock  which  has 
been  changed  by  heat  and  pressm-e,  until  it  has  the 
appearance  of  an  unstratified  rock. 

146.  How  Are  Stratified  Rocks  Formed  ?  —  How  are 
these  great  layers  of  hard  rock  formed  one  above  the 
other  ?  When  a  stream  empties  into  a  pond,  it  drops  its 
load  of  sand  and  dirt  and  this,  settling  to  the  bottom, 
forms  a  cover  over  the  whole  pond  floor.  A  rain  comes, 
enlarging  the  stream,  and  a  considerable  amount  of  dirt 
is  deposited.  The  larger  pieces  fall  first  and  then  the 
fine  dirt.  Later  another  rain  does  the  same  thing.  The 
large  particles  again  fall  first  and  are  covered  with  the 
finer  ones. .  This  makes  the  fine,  parallel  lines  found  in 
the  stratified  rocks,  one  line  for  each  flood  time.  Sup- 
pose this  happened,  not  simply  in  a  pond,  but  in  a  river, 
a  lake,  or  the  sea,  and  happened  a  great  many  times, 
until  there  was  a  very  thick  deposit;  the  lower  layers 
would  be  pressed  down  by  the  weight  of  those  above  and 
would  become  very  dense  and  compact.  Then,  if  a 
cementing  material  were  present,  the  clay  deposits  in 
the  pond  would  be  changed  to  shale,  the  sand  deposits 
to  sandstone. 

147.  What  are  Fossils?  —  When  we  break  apart  a 
mass  of  stratified  rock,  we  often  find  a  strange  figure: 
something  that  looks  exactly  like  a  leaf  with  its  stem 
and  delicate  veining  (Fig.  92).  Have  you  ever  found 
one?    It  is  as  though  the  leaf  had  ^'  turned  to  stone,'' 
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or  petrified.  Sometimes  we  find  a  piece  of  stem,  with 
the  scars  of  leaves,  or  a  piece  of  a  tree's  trunk,  with  the 
"  rings  of  growth  "  of  the  wood.  We  may  even  find  the 
seeds  and  fruit,  all  petrified.  Often  we  find  the  im- 
prints of  animals ;  creat^Ires  with  shells  looking  like  those 
of  snails  and  clama.     In  some  rocks  the  imprints  are 


those  of  fishes,  turtles,  and  lizards,  and  of  strange  insects 
and  birds.  All  these  marks  are  called  fossils.  We  may 
define  a  fossil  as  the  evidence  of  some  former  plant  or 
animal.  How  could  fossils  be  formed  in  rock,  far  below 
the  earth's  surface? 

To  explain  how  fossils  might  be  made  we  must  again  picture  to 
ourselves  how  stratified  rocks  are  formed.  Then,  as  now,  leaves,  or 
whole  trees,  fell  into  the  water  and  were  covered  with  mud  and  sand. 
Sometimes  dead  fishes  snails   birds,  or  insects  sank  into  the  stream 
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and  were  buried.  When  the  mud  and  sand  hardened  to  rock,  the 
impression  of  the  creature  remained  to  tell  us,  many  centuries  after- 
ward, of  the  life  that  was  once  upon  our  earth. 

148.  How  Are  Unstratified  Rocks  Formed  ?  —  While 
we  can  go  to  a  pond  and  by  careful  investigation  find 
out  how  stratified  rocks  are  formed,  it  is  not  so  easy  to 
find  unstratified  rocks  in  the  making.  Some  volcanoes 
in  action  throw  out  rivers  of  molten  rock ;  these  cool  to 
a  glassy,  brittle  rock  which  we  call  lava.  Sometimes  the 
mass  of  lava  is  full  of  gas  bubbles  and  cools  to  form  our 
porous  pumice.  Sometimes  the  lava  flows  up  into  cracks 
in  the  earth  and  hardens  in  large  crystals.  Granite  is  a 
volcanic  rock  that  has  cooled  slowly,  under  great  pressure, 
as  it  would  far  under  the  earth's  surface.  When  strati- 
fied rocks  are  heated  by  the  molten  rock  near  them, 
they  are  altered.  Thus  a  layer  of  limestone  might  be 
changed  to  marble. 

149.  What  is  Weathering  ?  —  Did  you  ever  think  how 
untiring  and  how  unceasing  in  her  labors  nature  is?  By 
the  long,  gradual  process  which  we  have  just  been  study- 
ing, nature  builds  her  rocks ;  now  we  shall  learn  how  busy 
she  is  tearing  down  those  rocks  already  made,  at  the 
same  time  that  she  is  building  up  new  rocks.  The  process 
by  which  rocks  are  broken  down  to  form  sand,  clay,  soil, 
and  such  small  particles,  is  called  weathering,  or  erosioriy 
or  "  wearing  away.''  Weathering  is  made  possible  by  the 
combined  work  of  wind,  water,  ice,  plant  Ufe,  and  heat. 

160.  How  Do  Plants  Cause  Weathering  ?  —  We  know 
that  plants  grow  in  soil,  but  did  you  ever  think  that 
plants  can  make  soil  out  of  rock?    This  is  true  even  of 
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such  tiny  plants  as  molds,  fungi,  and  bacteria.  Many 
of  these  are  far  too  small  to  be  seen  without  a  microscope. 
They  grow  in  the  ground  and  break  it  up  into  fine  par- 
ticles. They  even  take  materials  from  hard  rocks  and 
cause  the  rocks  to  crumble.  Not  only  do  the  living  plants 
act  upon  rock,  but  when  they  decay  they  produce  acids 
(cf.  §  175)  and  other  compounds  which  attack  the  rock. 


Fig.  93.  —  How  a  tree  may  help  Id  breakins  up  rocks. 

While  these  small  plants  aid  in  making  the  soil  fine  and 
powdery,  large  plants  aid  by  pushing  their  roots  down 
into  cracks  in  the  rocks ;  thus  they  split  rocks  and  force 
them  apart  (Fig.  93).  Have  you  ever  seen  an  old  cement 
or  brick  sidewalk  which  has  been  broken  by  the  growing 
roots  of  a  tree  under  it? 

How  Do  Plants  Hinder  WeaQiering?  —  Plant  life  has  one  way  of 
defeating,  or  holding  back,  erosion.  If  you  have  a  terrace  in  your 
yard,  you  have  seen  that  grass  seed  is  carefully  sowed  there  until  a 
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firm  sod  results.  If  there  isn't  a  firm  sod,  the  water  that  runs  o&  will 
cut  the  terrace  and  wash  parts  of  it  away.  The  sod  prevents  this  by 
holding  the  ground  and  keeping  a  smooth,  regular  surface.  How  does 
the  grass  hold  the  dirt?  Great  forests  act  in  the  same  way  on  a  hill- 
side.   Conservation  of  the  forests  is  thus  very  important.    The  great 


(Courtesi/  of  A.  M.  Lyihgor,  Maropoluan  Muteumof  An.  New  Yci 
Pio.  94.  —  The  tiny  particltia  of  desert  .sand,  blown  by  the  winds  of 
wear  away  Che  hardest  rock. 

floods  of  China  are  said  to  be  partly  due  to  the  cutting  away  of  her 
forests.    Why? 

161.  How  Does  the  Air  Aid  Weathering?— Even  the 
invisible  air  helps  to  destroy  rocks,  for  it  furnishes  oxygen 
which  unites  with  rock  substances  to  soften  and  break 
them  up.  What  happens  to  a  piece  of  iron  if  it  is  left 
out  of  doors  for  some  time?     We  say  it  rusts;  that  is, 
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it  unites  with  oxygen  from  the  air  and  forms  iron  oxide, 
which  is  the  red  powder,  nist.  In  the  same  way  other 
hard,  firm  substances  are  changed  to  fine  particles  after 
uniting  with  oxygen.  The  carbon  dioxide  in  the  air 
unites  with  water  and  forms  an  acid  (carbonic  acid) ; 
ttiis  breaks  up  certain  rocks. 

Air  in  motion,  as  wind,  assists  in  erosion,  especially  in  dry  climates 
and  desert  regions.  Great  windstorms  carry  fine,  loose  particles  of 
sand  and  throw  them  violently  against  any  object,  rock,  or  plant 
which  the  wind  passes  over.  Huge  mounds  of  sand  are  moved  by 
the  wind,  and  each  grain  hitting  a  rock  surface  chips  it  a  little.  The 
great  stone  monuments  which  were  built  in  Egypt  thousands  of  years 
ago  show  well  the  power  of  the  wind  and  sand  to  break  off  a  great  deal 
of  stone  if  given  time  enough  (Fig.  94). 

162.  How  Do  Water  and  Ice  Cause  Weathering  ?  — 

The  water  of  streams,  lakes,  and  oceans  aids  in  the 
weathering  of  rocks  in  ways  which  we  have  already 
studied.  Frost  and  ice  are  powerful  agents  in  breaking 
up  rocks.  If  you  leave  water  in  your  pipes  on  a  cold 
winter's  night,  and  do  not  have  a  fire  in  the  house,  the 
next  morning  you  may  find  that  one  of  the  pipes  has 
frozen  and  burst.     Why  does  it  burst  ? 

Perform  this  experiment :  Fill  an  old  medicine  bottle  entirely  full 
of  water  and  stopper  it  tightly.  Leave  it  outside  on  a  freezing  night. 
The  next  mdming  you  will  probably  find  that  the  stopper  has  either 
been  forced  out,  or  the  bottle  is  broken.  Water  expands  when  it 
freezes  (cf.  §  124).  In  the  same  way  water  seeps  into  cracks  and 
joints  in  the  rocks;  there  it  freezes,  expands,  and  forces  even  great 
rocks  apart.  After  a  cold  winter  in  which  there  has  been  a  great 
deal  of  freezing  weather,  chips  of  rock  and  even  large  slabs  are  found 
at  the  foot  of  cliffs.    These  are  forced  off  by  the  ice  and  frost. 
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Great  sheets  of  ice  assisted  erosion  in  past  ages,  and 
ice  streams  (glaciers)  are  at  work  in  the  mountains  now. 
An  immense  ice  sheet  once  covered  the  Great  Lakes  region 
of  the  United  States.  Huge  deposits  of  mud  and  rock 
(Fig.  95)  were  left  after  the  melting  of  the  ice.     With  the 


FiQ.  95.  —  Rocki  brought  by  the  graat  ice  sheets  2nd  left  when  the  ice  melted. 

rocks  frozen  in  its  under  side,  the  ice  sheet  was"  able  to 
scour  and  scrape  out  lakes  and  to  grind  surface  rocks  to 
powder. 

163.  How  Is  Our  Soil  Formed?— Did  you  ever 
wonder  how  "  hard  heads,"  or  granite  bowlders,  came  to 
our  fields,  when  the  bed  rock  below  may  not  be  granite 
at  all?    Is  it  possible  that  the  soil  of  our  gardens  was 
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not  always  where  we  find  it,  but  was  brought  from  other 
regions?  There  are  two  ways  in  which  soil  is  formed  on 
any  particular  spot.  First,  we  have  the  soil  which  was 
formed  from  the  rocks  beneath  it  by  the  weathering  of 
those  rocks.  It  is  composed  of  the  same  substance  as 
the  rocks  below.  The  only  difference  we  find  in  the 
character  of  such  soil  as  we  dig  down  is  that  the  particles 
become  larger  all  the  time,  until  we  strike  bed  rock. 

The  other  class  of  soil  is  that  which  is  brought,  or  deposited  there, 
from  a  distance.  Glacial  soil  belongs  to  this  class ;  it  is  that  brought 
by  glaciers  and  spread  over  immense  areas ;  these  may  have  a  totally 
different  sort  of  bed  rock.  Another  soil  is  formed  on  the  slopes  of 
hillsides  or  mountains.  The  action  of  gravity  and  of  the  rain  causes 
great  masses  of  it  to  move  slowly  down  into  the  valleys.  Alluvial 
soil  is  formed  by  the  deposits  of  lakes  and  streams.  A  fourth  kind  of 
soil  is  fine  and  loose  and  deposited  by  the  wind.  It  is  foimd  chiefly 
in  desert  regions.  In  general,  the  transported  soils  are  made  up  of 
particles  weathered  from  rocks  of  many  kinds  and  are  a  richer  com- 
bination for  the  growing  of  crops  than  the  soils  which  were  formed 
where  we  find  them.    Why? 

164.  What  is  the  Structure  of  Soil?  —  We  can  see, 
as  we  look  at  it  carefully,  that  soil  is  made  up  of  particles 
of  different  sizes.  We  call  them,  according  to  size, 
gravely  sandy  silt,  and  clay.  Which  has  the  smallest 
particles?  Usually  there  is  also  decayed  vegetable 
matter,  or  humus.  Each  tiny  particle  is  surrounded  by 
a  film,  or  covering,  of  water.  Water  is  also  held  be- 
tween the  particles  by  capillary  action  (cf.  §  108),  so 
that  the  plant  can  draw  moisture  from  deep  down  in  the 
groimd,  even  in  dry  weather.  The  water  holds  in  solu- 
tion those  substances  which  are  needed  by  the  plant  and 
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which  must  be  taken  from  the  ground.  Thus  water  is 
absolutely  necessary  to  the  life  of  the  plant.  Plants  die 
if  their  leaves  are  not  in  the  air,  so  that  they  can  breathe ; 
there  must  be  air  in  the  soil,  too,  so  that  the  roots  also 
can  breathe.  A  soil  that  is  very  solid  and  airless  chokes 
the  roots  so  that  the  health  of  the  plant  suffers. 

166.  Why  Must  Soil  Be  Tilled  ?  —  Did  you  ever  notice 
how  much  labor  a  farmer  or  gardener  spends  in  stirring 
up,  or  tilling,  the  soil  in  which  he  plants  his  seeds  ?  Soil 
is  tilled  so  as  to  improve  its  structure,  in  order  that  it 
may  hold  air  and  water  better  and  may  permit  the  roots 
to  gather  the  plant's  food  from  larger  amounts  of  ground. 
Tillage  also  turns  under  rubbish,  manure,  and  other 
fertilizers,  so  that  they  become  a  part  of  the  soil  and 
enrich  it. 

In  ancient  times  men  had  very  few  tools,  or  implements,  to  help 
them  in  tilling  the  soil,  but  the  modem  farmer  has  many  of  them.  A 
plow  is  really  a  slanting  knife,  or  shovel,  that  is  forced  into  the  ground, 
so  that  it  turns  a  slice  of  soil  over.  Cultivatiiig  is  shallow  plowing ; 
it  stirs  up  the  top  layer  of  the  ground,  so  that  it  is  in  a  powdery  con- 
dition. Disk  plows  have  a  revolving  cutting  instrument  called  a  disk, 
instead  of  a  knife  plowshare.  A  gang  plow  consists  of  many  plow- 
shares or  disks  attached  to  one  frame.  It  is  drawn  by  many  horses 
or  by  an  engine,  or  tractor  (Fip.  96). 

166.  What  is  Irrigation?  —  If  you  go  to  the  Far  West 
you  wiU  be  shown  great  mountains,  canons,  and  cataracts 
as  its  wonders ;  but  these  are  not  the  only  great  wonders 
of  the  west.  As  great  a  marvel  as  any  is  the  transforma- 
tion of  land  once  a  desert  waste  into  fertile  orchards  and 
farms.     How  has  this  apparent  miracle  come  about? 


174  JUNIOR  SCIENCE 

In  dry,  desert  areas  plants  and  crops  cannot  grow  unless 
the  soil  receives  more  water  than  is  given  to  it  by  the 
rain.  Even  in  almost  rainless  regions  there  is  usually 
a  lake  or  stream  that  has  a  large  amount  of  water  during 
the  rainy  season,  or  in  the  spring,  when  the  mountain 
snow  melts.  But  in  the  summer  there  is  no  water.  To 
even  up  the  water  supply  large  reservoirs  are  built  and 


Fio.  96.  —  How  machinery  makes  it  posaible  for  m 

filled  by  damming  up  lakes  or  streams.  These  reservoirs 
hold  the  water  of  the  rainy  season  for  use  during  the 
summer.  Irrigation  canals  carry  water  from  the  reser- 
voirs to  the  farms. 

167.  Do  Crops  Rob  the  Soil?  —  When  we  speak  of 
the  fertility  of  the  soil,  we  mean  its  crop-producing  power. 
This  power  depends  upon  the  elements  contained  in  the 
soil,  the  structure  of  the  soil,  and  the  water  supply. 
However,  a  perfect  soil  for  a  certain  plant  cannot  produce 
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that  plant  if  the  cUmate  is  unfavorable.  A  soil  which 
produces  oranges  in  Florida  could  not  produce  them  in 
Illinois.  About  ten  elements  are  necessary  for  plant 
Ufe.  They  are:  carbon,  hydrogen,  oxygen,  nitrogen, 
phosphorus,  potassium,  calcium,  sulphur,  magnesium, 
and  iron.     Which  of  these  come  in  part  from  the  air? 

Fertility  is  lost  by  the  growing  of  plants  because  the  plants  need 
to  take  certain  elements  from  the  soil.  If,  then,  we  remove  or  harvest 
the  plant,  the  groimd  gets  nothing  in  return.  This  loss  of  fertility 
cannot  be  avoided.  However,  soil  loses  fertility  in  some  ways  which 
can  be  avoided.  Thus,  improper  draining  on  sloping  land  allows  rains 
to  wash  away  valuable  materials.  Then,  too,  if  certain  crops  are 
grown  too  long  upon  a  piece  of  land,  its  soil  becomes  acid,  or  sour, 
and  thus  loses  fertility. 

168.  How  Can  Soil  be  Kept  Fertile  ?  —  While  we  cannot 
help  removing  fertiUty  when  we  remove  a  crop,  yet  the 
loss  can  be  restored.  We  must  put  everything  back  on 
the  land  that  is  not  actually  sold  or  used.  That  is  why 
the  farmer  uses  manure,  the  most  conmion  of  fertilizers ; 
it  restores  plant  food  to  the  soil.  The  farmer  does  not 
profit  if  he  sells  the  fertility  of  his  soil  at  too  low  a  price. 
Thus,  when  grains  are  cheap,  it  may  be  most  profitable 
to  use  them  as  cattle  food,  because  the  price  received  for 
farm  fertility  as  meat  is  often  greater  than  that  received 
for  it  as  grain.  Besides,  when  cattle  are  raised,  much 
of  the  farm's  fertility  can  be  restored  as  manure. 

Dair]ring  is  profitable,  because  dairy  products  (What 
are  they?)  bring  a  good  price,  and  because  they  do  not 
remove  much  fertility.  If  we  sell  butter,  for  example, 
we  are  selling  chiefly  fat.     Now,   fat  is  composed  of 
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carbon,  oxygen,  and  hydrogen  (cf.  §  189),  which  are 
elements  coming  from  water  and  from  the  carbon  dioxide 
of  the  air.  If  the  skim  milk  is  used  on  the  farm,  the  soil 
need  not  lose  its  fertility. 

169.  Why  Should  Crops  Be  Rotated  ?  —  Rotation,  or 
changing  of  cropSj  on  a  certain  piece  of  land,  is  now  used 
by  all  good  farmers.  Different  crops  use  different  soil 
elements.  Corn  removes  much  of  all  three  of  the  ele- 
ments nitrogen,  phosphorus,  and  potassium,  and  should 
not  be  planted  every  year.  Grains,  such  as  wheat, 
which  take  up  phosphorus,  and  grass,  which  takes  up 
little  phosphorus,  are  often  grown  for  two  years  and  then 
corn  in  the  third  year. 

Rotation  is  good  in  other  ways,  for  roots  of  different 
plants  differ  from  one  another  and  one  plant  will  often 
break  up  the  ground  for  another.  The  diseases  and  pests 
of  plants  differ,  too,  and  one  plant  will  not  be  affected 
by  those  of  another. 

Have  you  seen  artificial  fertilizers  ?  They  are  usually 
powdered  substances  which  contain  the  elements,  or 
some  of  the  elements,  needed  to  give  back  to  the  soil 
what  has  been  taken  from  it  by  crops.  Fertilizers  are 
spread  over  the  ground,  or  ''  plowed  under.''  Gener- 
ally they  supply  one  or  more  of  the  three  elements :  phos- 
phorus, potassium,  and  nitrogen. 

160.  Exercises. —  1.  Make  definitions  for  these  terms:  fossil,  bed 
rock,  outcrop,  stratified  rock,  weathering,  soil,  glacier,  irrigation,  soil 
fertility. 

2.  Why  are  beach  pebbles  rounded? 

3.  Report  some  case  of  weathering  you  saw  on  the  way  to  school. 
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4.  Find  out  from  a  gardener  what  kind  of  soil  is  best  for  the  grow- 
ing of  potatoes. 

5.  Ask  a  florist  how  he  prepares  soil  for  the  growing  of  flowers. 

6.  Why  do  farmers  "  cultivate  "  the  soil  between  rows  of  com? 

7.  Of  what  use  are  song  birds  to  the  farmer? 

8.  What  are  some  of  the  tools  and  implements  used  on  the  farm? 

9.  What  advantages  has  a  child  that  grows  up  on  the  farm? 
What  disadvantages? 

10.  Do  you  think  that  a  farmer  ought  to  bum  up  the  stubble  in 
his  fields,  or  let  it  rot  and  become  part  of  the  soil?  Find  out  the 
reasons. 

11.  Find  out  what  substances  are  in  skim  milk.  For  what  can 
skim  milk  be  used? 

12.  Bring  to  school  some  samples  of  stratified  and  of  unstratified 
rocks. 


CHAPTER  XVII 

MINERALS  AND  METALS 

161.  What  are  Minerals  ?  —  We  have  already  looked 
at  our  earth  as  made  up  of  several  layers :  the  air,  the 
water,  the  crust,  and  the  interior,  or  core ;  we  have  also 
looked  upon  it  as  made  up  of  elements  (cf.  §  113).  We 
may  now  look  upon  it  as  made  up  of  animal,  vegetable, 
and  mineral  material.  When  we  reaUze  that  rocks  are 
made  up  of  minerals,  we  can  understand  that  minerals 
make  up  much  more  of  the  earth  than  the  other  two  put 
together.  Some  of  these  minerals,  such  as  granite,  seem 
never  to  have  had  anything  to  do  with  life,  while  others, 
such  as  coal,  are  the  remains  of  former  Hving  things. 
Those  substances  which  are,  or  have  been,  part  of  a  living 
thing,  or  organism,  we  call  organic  substances.  Name 
some  of  them. 

Quartz,  clay,  sand,  flint,  chalk,  gold,  copper,  and  even 
water  are  minerals,  so  you  see  that  minerals  differ  greatly 
in  their  quaUties.  Most  of  the  metals  are  found  united 
with  other  materials,  just  as  hydrogen  and  oxygen  are 
united  in  water.  Those  minerals  from  which  we  may  take 
out,  or  '^  extract,''  a  metal  are  called  ores  of  that  metal. 
Most  of  our  common,  useful  metals  are  found  in  ores. 
Lead,  iron,  tin,  zinc,  silver,  gold,  and  copper  are  taken 
from  the  ground  as  ores,  although  gold  and  copper  are 
sometimes  found  in  nature  in  a  pure  form.     To  start 
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with  the  lead  ore  and  to  turn  out  a  lead  pipe  takes  a 
great  deal  of  time,  machinery,  and  labor.  Many  huge 
factories  all  over  our  country  are  working  to  get  the  useful 
metals  out  of  the  ores  in  which  nature  placed  them. 

162.  Is  Iron  Necessary  to  Man?  —  If  we  were  to  give 
up  everything  in  our  homes  or  in  the  food  we  eat  that  is 
made  of  iron  or  is  made  by  means  of  iron  machinery,  we 
should  have  practically  nothing  left.  Can  you  name 
anything  which  would  remain?  A  race  which  does  not 
use  iron  has  few  tools  and  conveniences  and  cannot  be 
highly  civilized.  Most  ancient  peoples  used  iron  to  some 
extent :  the  old  Egyptians  employed  it ;  it  is  found  in 
the  ruins  of  Babylon.  Could  our  modem  inventions, 
such  as  the  automobile,  telephone,  victrola,  and  steam 
engine,  exist  without  iron  ? 

163.  How  Is  Iron  Found  ?  —  The  commonest  ore  of 
iron,  which  furnishes  half  of  all  the  iron  used,  is  called 
hematite.  Hematite  is  a  compound  of  iron  and  oxygen, 
a  rough,  ordinary-looking  rock  varying  in  color  from 
gray  to  reddish  brown.  The  ore  is  often  in  great  ledges 
and  has  to  be  blasted  out.  Then  it  is  sent  to  the  smelters, 
or  furnaces,  to  be  smelted,  or  turned  into  metal.  The 
smelter  is  usually  built  near  some  industrial  center  that 
has  good  coal  within  easy  reach;  for  coal  is  needed  to 
remove  the  oxygen  of  the  ore.  Much  of  the  iron  ore 
from  the  deposits  in  Minnesota,  Wisconsin,  and  Upper 
Michigan  is  sent  down  the  Great  Lakes  in  large  steamers. 
Did  you  ever  see  one  ? 

164.  How  Is  Iron  Prepared?  —  How  do  you  suppose 
early  man  learned  to  smelt  iron?    The  ancients  did  it 
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in  a  very  primitive  manner.  They  built  fires  in  the  rocks 
in  such  a  way  that  there  was  a  strong  wind  blowing 
through  the  fire.  When  iron  ore  was  placed  in  the  fire, 
the  fuel  (wood  or  charcoal)  united  with  the  oxygen  of 
the  ore,  leaving  the  iron.     The  iron  metal  melted  and  ran 


to  the  bottom  of  the  fire,  while  the  dirt  and  stone  of  the 
ore  remained  with  the  ashes. 

There  have  been  many  improvements  upon  this  method,  until  we 
now  have  the  modem  blast  furnace  (Fig.  97).  The  blast  furnace  is 
about  100  feet  high  and  is  filled,  by  means  of  machinery,  with  coal 
or  coke,  iron  ore,  and  limestone.  Limestone  is  used  because  it  unites 
with  the  dirt  and  stone  of  the  ore  to  form  slag  and  thus  leaves  a  purer 
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iron.  A  strong  artificial  wind  (a  '^  blast ''  of  hot  air)  enters  at  the 
bottom  of  the  furnace ;  the  whitehot  iron  runs  down  into  the  hearth, 
where  it  is  drawn  off  into  sand  troughs.    Why  is  sand  used? 

The  iron  in  this  stage,  or  form,  is  called  ''  pig  iron," 
or  cast  iron.  This  pig  iron  still  contains  many  impuri- 
ties ;  they  are  removed  by  another  process,  until  wrought 
iron,  or  soft  iron,  is  ob- 
tained. Steel  is  a  most 
useful  form  of  iron,  hard 
and  durable,  yet  elastic. 
It  can  be  "  tempered,"  so 
that  it  becomes  very  hard 
and  can  be  sharpened  to 
a  keen  edge,  as  in  cutting 
tools,  such  as  axes,  saws, 
knives,  and  razors. 

166.  How  Is  Lead  Ob- 
tained? —  Lead  is  ex- 
tracted from  galena,  a 
heavy,  gray  ore  (Fig.  98) 
which  is  a  compoimd 
of  lead  and  sulphur.  Galena  is  usually  smelted  by 
heating  it  with  iron.  The  sulphur  then  unites  with 
the  iron  and  the  free  lead  smks  to  the  bottom  of  the 
furnace. 

Lead  is  used  in  pipes  for  plmnbing,  in  storage  batteries, 
for  paints  (you  have  heard  painters  speak  of  '^  white 
lead  "),  and  in  making  mixtures,  or  alloys,  with  other 
metals.  Some  of  these  alloys  are  solder,  pewter,  shot 
metal,  and  the  type  metals  used  in  printing. 


Fig.  98.  —  How  a  deposit  of  lead  ore 
might  look  in  the  ground.  The  black 
spots  represent  the  ore. 
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166.  How  Is  Copper  Obtained?  —  The  free  metal 
copper  is  found  in  the  regions  of  Lake  Superior;  from 
these  it  was  obtained  by  some  of  the  Indians  before  the 
coming  of  the  white  man  and  was  used  for  the  making 
of  knives  and  other  implements.  The  greatest  copper 
mines  in  the  United  States  are  in  Michigan,  Montana, 
and  Arizona.  Where  the  copper  is  found  as  a  metal, 
the  smelting  of  its  ore  is  a  simple  process.  The  ore  is 
crushed  in  very  fine  pieces  and  the  copper  is  separated 
out  by  washing.     It  is  then  melted  and  run  into  molds. 

The  alloys  of  copper  are  very  important.  Brass  is  made  of  copper 
and  zinc.  Bronze  is  a  mixture  of  copper,  tin,  zinc,  and  lead.  German 
silver  is  copper,  zinc,  and  nickel.  Copper  and  aluminimi  form  alu- 
minum bronze,  resembling  gold.  Can  you  name  some  of  the  uses 
of  these  alloys? 

167.  How  Are  Gold  and  Silver  Found?  —  Why  are 

gold  and  silver  precious?  They  are  beautiful  in  their 
soft,  pretty  sheen,  but  their  being  precious  is  due  largely 
to  the  fact  that  they  are  scarce.  Gold  is  not  found 
even  as  abundantly  as  silver  and  is,  therefore,  more 
precious  than  silver.  Because  of  its  attractive  color, 
gold  was  probably  the  first  metal  found  by  man. 

Much  gold  is  found  as  fine  grains  in  the  gravel  of 
streams.  This  was  once  in  rocks,  but  the  decay  of  the 
rocks  has  freed  the  gold.  Men  wash  gold  grains  out  of 
loose  soil  and  gravel  by  the  use  of  streams  of  water.  As 
the  water  containing  gold  is  passed  over  mercury,  even 
the  smallest  pieces  of  the  gold  are  dissolved  in  the 
mercury.  Later  the  mercury  is  distilled  off,  leaving 
the  gold. 
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In  early  days  gold  graina  were  washed  out  of  loose  soil  and  gravel 
by  the  use  of  water  in  a  pan  (Fig.  99).  As  the  water  was  stirred  up, 
the  lighter  particles  of  soil,  sand,  and  gravel  could  be  poured  off  with 
the  water,  while  the  gold,  which  was  heavier,  remained  in  the  bottom 
of  the  pan. 

What  is  the  meaning  of  the  expression :  "  How  is  this  going  to 
'  pan  out '?  "    What  is  "  pay  dirt  "? 


iCopt/HslU  bv  Mclmoeh  Slereaptlmn  CO-) 

Fio.  99.  —  FaiminK  river  gravel  for  the  heavy  ktudb  of  gold. 

Silver  is  often  found,  in  nature,  united  with  sulphur. 
The  fact  that  a  silver  spoon  turns  black  when  used  with 
an  ^g  (which  contains  sulphur)  shows  how  readily  silver 
unites  with  sulphur. 

168.  What  is  22-Carat  Gold?  —  Gold  and  silver  are 
both  too  soft  to  use  in  their  pure  state,  and  they  must 
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be  alloyed  (or  mixed)  with  a  hard  metal  to  make  them 
fit  for  use.  The  purity  of  gold  is  stated  in  carats.  Pure 
gold  is  "  24  carats  fine.''  Jeweler's  gold  is  22  carats  fine. 
This  means  that  22  parts  of  it  are  pure  gold  and  2  parts 
are  alloy.  Ten-carat  gold  is  10  parts  gold  and  14  parts 
alloy.  Gold  is  usually  alloyed  with  silver  and  copper. 
Silver  is  alloyed  with  copper. 

169.  How  Do  Men  Find  Precious  Stones?  — The 
precious  stones,  such  as  diamonds,  rubies, 
sapphires,  and  emeralds,  are  found  loose 
in  earth  or  in  rocks.  When  found,  the 
^tones  are  surrounded  by  rocky  material 
which  has  to  be  removed.     Then  the  stone 

Fig.  100.  —  ^^  '^  cut,"  or  grouud.  After  the  cutting, 
How  a  diamond  rays  of  light  Can  pass  through  the  stone  at 

is  cut  so  as  to  -i./w.  .  ,  ■,  i         •. 

give    it   many   niauy  aifierent  angles  and.  make  it   more 

faweT^^'for  ^the  ^^^^^^^^ ^^-  Much  of  the  beauty  of  a  gem  lies 
flashing  of  light,   in  the  skiU  with  which  it  is  cut  (Fig.  100). 

The  precious  stones  are  among  the  hardest  substances  known  to 
man.  Indeed,  the  diamond,  which  is  the  most  precious  of  all,  is  the 
hardest  substance  in  nature.  The  greatest  nimiber  of  diamonds,  and 
the  largest  of  them,  are  mined  in  South  Africa.  Sometimes  we  see 
a  diamond  which  has  a  flaw  in  it :  a  small,  dark  spot.  This  shows  the 
origin  of  the  stone.  The  brilliant,  flashing  diamond  is  only  a  pure 
form  of  common  carbon,  such  as  is  in  coal  or  charcoal.  But  it  is  carbon 
which  has  probably  been  heated  and  kept  for  years  under  intense 
pressure. 

Like  gold  and  silver,  our  precious  stones  are  precious  quite  as  much 
because  of  their  scarcity  as  because  of  their  beauty. 

170.  What  is  Coal?  —  When  you  sit  in  front  of  your 
grate  fire,  watching  the  flames  play  about  the  coal,  do  you 
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ever  wonder  how  we  happen  to  have  coal?    Yes,  you 

know  that  coal  is  mined,  or  taken  from  the  ground,  and 

brought  to  you;  but  how  did  it  get  into  the  ground? 

It  is  not  hke  the  other  rocks  of  the  earth's  crust.     Then 

what  is  it,  and  how 

did  it  get  between 

the    rock    layers? 

Thousands      of 

years    ago    great, 

luxuriant     forests 

grew  on  the  places 

where  we  now  find 

coal  fields.     They 

grew  up  and  hved 

and  died  and  fell  to 

the  marshy  ground 

on     which     they 

stood.     Others 

grew  up  in  their 

place ;    they,    too, 

fell  in   turn    into 

tho     mnroTiu     InnH  Fia.  101.  —  What  a  uroas  settJon  of  a  coal  mine 

tne  marsny  lana  ^;^^^  ,^^^  ,.^^    j^^^^  ^^^^  ^^^^  ^^^^  ^^^^  ^^ 

and   were    covered    rock  layers  and  the  way  in  which   the  upper  pSrt 

by  water.  Some-  i"  ."pp-i  *-.  p«>i»"«  — ■ 
times,  probably,  the  land  was  lowered  and  the  former  forests 
were  under  water  and  covered  with  sediment  and  mud. 
This  sediment  afterwards  became  rock.  Some  of  the  gases 
escaped,  but  the  rest  of  the  carbon  of  the  plants  was  held 
under  the  great  pressure  of  the  layers  of  rock  and  water 
above  it,  untilit  gradually  hardened  to  form  coal  (Fig.  101). 
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In  swampy  regions  we  can  see  soft  peat  being  f onned  today. 
This  was  probably  the  first  form  of  soft,  or  bituminous,  coal. 
Hard  coal  is  also  called  anthracite ;  it  gives  off  much  less 
gas  than  soft  coal  (cf.  §  28)  and  so  is  harder  to  set  on  fire. 
Where  are  some  of  the  coal  fields  of  the  United  States? 
Did  you  ever  see  a  piece  of  coal  which  had  on  it  the  im- 
print of  the  leaf,  stem,  or  trunk  of  a  plant  or  tree  ? 

171.  What  are  Our  Building  Stones?  —  Some  of  the 
stones  used  in  building  are  granite,  limestoney  sandstone, 
and  marble.  The  quarrying  of  stone  furnishes  employ- 
ment for  a  great  number  of  men  in  this  country.  Much 
granite  is  taken  from  New  Hampshire,  the  "  Granite 
State.''  It  is  very  hard  and  will  sustain  a  great  weight. 
Limestone  and  sandstone  are  softer  rocks,  but  very  useful. 
WTien  limestone  is  heated,  carbon  dioxide  escapes  and 
lime  remains.  Lime  is  used  in  making  mortar  and 
plaster.  Limestone  is  also  used  in  the  smelting  of  iron 
(cf.  §  164).  Marble  is  perhaps  the  most  beautiful  of 
our  building  stones.  It  is  of  many  different  colors  and 
may  be  highly  polished.  How  does  marble  act  with  an 
acid?    Read  §38. 

172.  Does  Man  Ever  Make  Stones?  —  You  have 
heard  of  artificial  jewels,  but  have  you  ever  seen  artificial 
building  stones?  Of  course  you  have.  Man  has  not 
always  been  able  to  get,  or  been  satisfied  with,  natural 
stones,  so  he  has  made  certain  ones  for  himself.  Such 
are  bricks  and  concrete. 

Bricks  were  made  long  ago  in  Egjrpt,  Assyria,  and 
Babylonia,  and  they  are  made  in  great  quantities  even 
now  in  our  own  country.    Finely  powdered  clay  is  mixed 
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with  water  and  the  mixture  is  either  packed  into  molds 
or  is  cut  into  bricks  by  machinery.  The  bricks  are  then 
dried  in  the  air  for  several  days  and  later  baked  in  im- 
mense ovens  for  several  more  days. 

Mortar,  used  to  fasten  bricks  together,  sets  or  hardens 
to  form  another  artificial  stone. 

Concrete  is  more  durable  even  than  brick.  Men  make 
it  by  mixing  crushed  stone,  sand,  and  cement.  Then 
they  put  it  into  molds  and  keep  it  from  drying  too  rapidly 
by  covering  it.  You  have  seen  freshly-made  concrete 
sidewalks  covered  with  boards,  or  cloths,  until  the  con- 
crete has  "  set,''  or  hardened.  It  hardens  better  if 
sprinkled  with  water  occasionally.  Concrete  is  used 
not  only  for  sidewalks  and  floors,  but  for  the  foundations 
and  walls  of  buildings,  for  bridges,  and  even  for  ships ! 

173.  Exercises.  —  1.  Why  are  layers  of  limestone  and  sandstone 
often  found  between  layers  of  coal? 

2.  Is  petroleum  a  mineral?  Where  is  it  found?  For  what  is  it 
used? 

3.  Why  is  iron  ore  shipped  from  the  Lake  Superior  region  to  Penn- 
sylvania to  be  smelted? 

4.  Name  five  or  more  great  uses  of  some  form  of  iron. 

5.  Why  do  we  believe  that  coal  is  made  up  of  the  material  of 
ancient  forests? 

6.  What  metals  are  called  "  precious  "  metals?  What  are  the 
"  base  "  metals? 

7.  Find  out  the  value  of  the  silver  in  a  silver  dollar. 

8.  What  is  solder  used  for?    Pewter? 

9.  Why  is  iron  often  covered  (plated)  with  tin?  With  a  magnet 
test  a  pin  and  then  a  needle.    Is  either  made  of  a  form  of  iron? 


PART  IV 
SCIENCE   IN  THE  HOUSEHOLD 


CHAPTER  XVIII 

ACmS  AND  ALKALIES 

174.  Do  We  Use  Science  in  the  Home  ?  —  Have  you 
ever  thought  how  strange  it  is  that  men  have  learned  to 
gather  and  to  prepare  so  many  different  substances  and 
to  use  each  of  them  for  some  special  purpose  ?  Just  think 
what  a  collection  of  substances  there  is  in  a  druggist's 
shop.  The  modem  housewife  has  not  nearly  so  many 
as  the  druggist,  yet  she  has  a  long  list.  Here  are  some 
of  them:  baking  soda,  washing  soda,  chloride  of  lime, 
lye,  bluing,  borax,  starch,  cream  of  tartar,  salt,  ammonia 
water,  vinegar,  sugar,  flour,  lard,  baking  powder,  soap, 
ink,  to  say  nothing  of  milk,  butter,  and  our  other  foods. 
It  is  out  of  these  materials  that  our  meals  are  made  ready 
for  the  table,  our  laundry  work  is  done,  our  letters  are 
written,  our  stains  are  erased.  Can  you  name  any  other 
household  substances? 

176.  Where  Are  Acids  Found  ?  —  As  you  know  very 
well,  we  use  vinegar  to  make  certain  articles  of  food  sour, 
or  "  acid.''  This  is  true  of  beets,  pickles,  and  salads. 
The  chemist  says  that  vinegar  is  sour  because  it  contains 
an  acid:  acetic  (pronounced  S-set'Ic)  acid.  Most  acids 
have  a  sour  taste. 

Vinegar  is  the  result  of  a  fermentation,  or  change 
caused  by  a  ferment  (Fig.  102).  Ferments  are  found  in 
small  organisms  that  exist  in  nature  and  in  some  way  or 
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other  get  into  our  fruit  juices  and  other  food  materials. 
In  the  fall  you  may  have  seen  how  a  cider  press  extracts 
the  juice  of  apples  and  so  makes  '^  sweet  cider.''  If  we 
try  to  keep  sweet  cider  very  long,  it  bubbles  and  becomes 
''  hard/'  The  bubbling  is  due  to  the  escape  of  carbon 
dioxide;  the  '*  hardness  "  is  due  to  alcohol.    The  reason 

for  this  is  that  the  sugar  of  the 

Femicnted  Fruitjuiccs  i.-         •        i  i«a         iti 

(dilute  alcohol)  apple  juicc  IS  chaugcd  into  alcohol 

and  carbon  dioxide.  Yeast  cells 
which  are  in  the  air  fall  into 
the  juice  and  cause  this  change 
(cf.  §201). 

When  the  hard  cider  is  allowed 
to  stand  longer,   a    mold    called 
''mother"  begins  to  grow  in  it; 
Fig.  102.  —  We  make  vin-  this  chauges  the  alcohol  to  acetic 

?e'™etti:';jSft?ul^!:ffh'::  add  and  we  then  have  cider  vine- 
their  alcohol  is  changed  to  gar.    Grapc  juicc   is  changed  in 

acetic  acid  *         » 

the  same  way,  first  into  wine, 
which  contains  alcohol  and  carbon  dioxide,  then  into 
vrine  vinegary  which  contains  acetic  acid. 

Milk  sours  because  one  particular  kind  of  ferment  gets  into  milk 
and  changes  the  sugar  of  milk  into  lactic  acid.  This  acid  causes  the 
milk  to  become  curdy  and  to  taste  sour.  The  same  acid  is  present 
in  dill  pickles  and  sauerkraut. 

Many  fruits,  such  as  tomatoes,  cherries,  and  green  apples,  and 
some  plant  stems,  such  as  rhubarb  and  sour  grass,  are  strongly  acid. 
Lemons,  oranges,  and  grapefruit  contain  dtric  acid ;  grape  juice  con- 
tains tartaric  acid. 

All  of  the  acids  we  have  named  are  compounds  of  carbon,  hydrogen, 
and  oxygen.    There  is  also  another  very  important  acid  which  con- 
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tains  sulphur,  hydrogen,  and  oxygen ;  this  is  sulphuric  add,  or  vitriol. 
Hydrochloric  add  is  another  very  important  acid.  Its  old  name  is 
"  muriatic  "  acid.  It  contains  hydrogen  united  with  chlorine.  Chlo- 
rine, you  remember,  is  present  in  salt. 

176.  What  Makes  a  Compound  an  Acid  ?  —  In  telling 
what  acids  are  like,  we  can  say,  first,  that  they  are  sour. 
If  acids  are  strong  enough,  they  will  '*  eat  "  the  skin  and 
clothing  upon  which  they  fall.  Metals  are  also  "  eaten,''  or 
"  etched,"  by  acids.  We  have  already  learned  that  in 
making  hydrogen  (cf.  §  114)  zinc 
is  used  up,  or  eaten,  by  the  acid, 
and  disappears.  Are  copper  and 
lead  used  for  cooking  vessels? 
They  cannot  be,  because  the  acids 
in  foods  act  upon  the  metals  and      fiq.  io3.  -  The  metal  is 

cause     poisonous    compounds    of    eaten  out,  or  etched  wherever 
^  .       ^   .      .       «  ^  it  is  >xpoBed  to  the  aotion  of 

copper  and  lead  to  be  formed.        the  acid. 


Have  you  ever  seen  copper  which  has  been  etched  so  that  it  shows 
a  beautiful  design,  as  in  Fig.  103?  The  design  is  made  by  covering 
all  the  copper,  except  where  the  lines  are  to  be,  with  asphalt  paint. 
Then  the  copper,  is  put  into  nitric  add ;  the  acid  eats  it  wherever  it  is 
not  covered.  When  the  copper  is  removed  from  the  acid,  the  asphalt 
is  scraped  off  and  there  is  a  design  on  the  copper. 

Acids  also  act  with  marble,  Umestone,  or  soda.  When 
an  acid  is  mixed  with  marble,  carbon  dioxide  is  given  off 
(cf .  §  38) .  This  causes  a  great  deal  of  bubbling,  or 
effervescence.  Bones,  which  contain  much  limestone, 
lose  their  stiffening  (largely  limestone)  by  being  placed 
in  an  acid.    Why  can  a  dog  eat  bones?    Can  it  be  that 
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the  acid  in  the  dog's  stomach  is  strong  enough  to  destroy 
the  hard  part  of  the  bone  ? 

177.  What  are  Bases  Like  ?  —  Have  you  ever  tried  to 
wash  a  greasy  pan  with  water  alone?  If  you  have,  you 
know  how  hard  it  is  to  remove  the  grease,  because  it 
doesn't  mix  with  the  water.  But  if  you  put  into  the 
greasy  pan  some  lye,  or  other  washing  powder,  and  add 
warm  water  to  it,  you  find  that  the  grease  is  easily  washed 
off.  It  seems  to  dissolve  and  disappear.  The  lye  and 
washing  powder  belong  to  the  class  of  substances  we  call 
bases.     We  say  they  ^'  cut  "  grease. 

The  chemist  says  lye  is  sodium  hydroxide,  to  show  it  is 
composed  of  the  elements  sodium,  hydrogen,  and  oxygen. 
Potash  lye  is  called  potassium  hydroxide.  What  elements 
does  it  contain  ?  Do  you  know  what  ammonia  water  is  ? 
It  is  a  very  strong-smelUng  liquid  that  acts  in  many  ways 
like  lye.  You  put  some  into  water  that  you  use  for  wash- 
ing windows  or  glassware,  because  it  removes  grease  and 
makes-  the  glass  bright  and  clean.     Like  lye  it  is  a  base. 

There  is  another  very  common  base ;  it  is  lime.  Have 
you  ever  seen  masons  making  mortar?  They  put  lumps 
of  a  white  solid  (lime)  into  the  vats  of  water,  and  the  lime 
unites  so  vigorously  with  the  water  that  the  water  be- 
comes almost  boiling  hot.  The  product  is  slaked  lime. 
Masons  mix  sand  with  the  slaked  lime  and  produce 
mortar.  Lime  will  destroy  animal  substances,  so  men 
are  able  to  use  it  for  taking  hair  off  from  hides.  Its 
solution,  limewater,  can  be  added  to  milk  to  sweeten  it, 
if  it  has  become  slightly  sour.  Limewater  mixed  with 
olive  oil  is  used  to  heal  burns. 
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The  strong  bases  all  have  a  bitter  taste  even  when  dissolved  in  a 
great  deal  of  water.  If  there  is  not  much  water  mixed  with  the  bases, 
their  solutions  will  destroy  skin  and  flesh  and  the  mucous  membrane 
that  lines  the  mouth.  Hence  we  must  use  a  great  deal  of  care  in 
handling  lye. 

178.  How  Can  We  Test  for  Bases  and  Acids  ?  —  How 

do  bases  differ  from  acids  ?  If  you  had  a  solution  which 
looked  like  water,  and  yet  you  knew  that  it  might  con- 
tain an  acid  or  a  base,  how  would  you  find  out  which  it 
was?  The  easiest  way  is  to  use  litmus.  Litmus  is  a 
coloring  matter  obtained  from  lichens,  a  kind  of  plant. 
An  acid  will  turn  blue  litmus  to  red.  A  base  will  turn 
red  litmus  to  blue.  LitmUs  may  be  used  in  the  form  of 
a  solution  and  a  few  drops  of  it  may  be  poured  into  the 
liquid  you  are  testing ;  or  it  may  be  in  the  form  of  colored 
paper  and  a  slip  of  the  paper  may  be  dipped  into  the 
liquid.  If  you  test  orange  juice,  what  happens  to  your 
litmus?  Test  some  of  the  things  you  find  at  home  to 
see  which  show  an  acid  test  and  which  show  a  basic  test. 
Also  bury  a  piece  for  an  hour  or  two  in  some  moist  soil 
in  a  flower  pot  and  see  whether  the  soil  is  acid  or  not. 
Farmers  use  this  test,  because  acid  soil  is  not  good  for 
the  raising  of  most  crops.  Purple  cabbage  solution  may 
be  used  in  exactly  the  same  way  as  litmus  solution. 

179.  How  Does  an  Acid  Act  with  a  Base  ?  —  We  can 
now  learn  something  still  more  interesting  about  acids 
and  bases.  Dip  your  thumb  and  forefinger  into  a  solu- 
tion of  caustic  lye  and  then  rub  them  together.  They 
feel  shppery,  or  slimy,  do  they  not,  as  though  they  were 
covered  with  strong  soap  solution?    Now  add  to  the 
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lye  solution  some  vinegar,  or  lemon  juice,  a  little  at  a 
time.  You  will  soon  find  that  the  solution  no  longer  has 
the  slimy  feel  it  had  at  first.  The  acid  of  the  vinegar  or 
lemon  juice  has  destroyed  this  power  of  the  lye.  The 
chemist  says  the  acid  has  neutralized  the  lye. 

Put  a  piece  of  red  litmus  paper  into  some  fresh  caustic 
lye  solution ;  what  color  does  the  litmus  have  now  ? 
Then  add  some  hydrochloric  acid  solution,  little  by 
httle,  to  the  lye  solution,  stirring  as  you  do  so.  What 
color  does  the  litmus  take  on?  The  acid  hias  neutral- 
ized, or  destroyed,  the  power  of  the  lye  to  turn  litmus 
blue. 

If  there  is  no  base  left  in  the  lye  solution  to  which  the 
hydrochloric  acid  was  added,  what  do  you  suppose  is 
left  ?  Put  the  solution  into  a  saucer  or  into  an  evaporat- 
ing dish,  and  drive  off  the  water  by  heating  the  dish  gently. 
What  is  left  in  the  dish?  Taste  it;  it  is  common  salt. 
So  salt  was  formed  when  caustic  lye  was  neutralized  by  hy- 
drochloric acid.  When  vinegar  or  lemon  juice  neutralizes 
the  caustic  lye  solution,  there  is  another  substance  formed 
which  is  not  common  salt,  but  is  like  it  in  some  ways. 
The  chemist  calls  all  such  substances  salts,  since  they 
are  formed  by  the  neutralization  of  a  base  by  an  acid, 
as  common  salt  is. 

Salts  are  very  common.  Marble,  limestone,  table  salt, 
blue  vitriol,  saltpeter,  and  alum  are  all  called  salts  by 
the  chemist. 

180.  Exercises.  —  1.  Galvanized  iron  is  iron  covered  with  zinc. 
Is  it  a  safe  material  for  dishes  in  which  acid  fruits  are  cooked? 

2.  The  acid  present  in  canned  tomatoes  causes  milk  to  become 
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curdy.    In  making  "  cream  tomato  ''  soup  some  baking  soda  is  added 
to  the  tomato  to  prevent  the  curding ;  explain  how  it  acts. 

3.  The  spots  of  limestone  on  a  glass  water  pitcher  are  easily  re- 
moved by  a  little  vinegar  or  lemon  juice.    Can  you  tell  why? 

4.  Collect  some  wood  ashes,  cover  them  with  water,  and  after  the 
ashes  have  settled,  pour  off  the  water.  Then  test  the  water  with  pink 
and  blue  litmus  paper.  Does  the  solution  have  an  acid  or  a  basic 
action?    Could  you  use  wood  ashes  to  "  sweeten  "  a  "  sour  "  soil? 

5.  Test  solutions  of  alum,  washing  soda,  and  common  salt  sepa- 
rately with  pieces  of  red  and  blue  litmus.    How  does  each  behave? 

6.  To  a  lump  of  old  mortar  in  a  dish  add  a  few  drops  of  a  dilute 
acid.  Describe  what  happens.  Can  you  prove  that  the  gas  formed 
is  carbon  dioxide?  What  is  left  undissolved?  What  gas  does  fresh 
mortar  take  from  the  air  as  it  hardens,  or  sets? 


CHAPTER  XIX 

WASHING  AND  CLEANING 

181.  What  are  the  Materials  of  Clothing?  —  In  very 
ancient  times  savage  men  kept  warm  by  clothing  them- 
selves with  the  skins  of  animals;  even  today  furs  are 


sometimes  used  for  warmth  as  well  as  for  decoration. 
Still,  as  you  know,  the  common  materials  for  our  cloth- 
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SfTf^ 


Cotton 


Flax 


Wool 


Silkworm's 

COCOOII 


ing  are  woven  fabrics ;  they  come  from  both  animal  and 
vegetable  sources.  Silk  and  wool  are  from  animals; 
while  the  vegetable  fibers  which  can  be  woven  to  ad- 
vantage are  cotton  and  flax.  What  an  interesting  story 
it  would  be,  if  we  could  learn  how  men  first  came  to  use 
these  materials  for 
their  clothing. 

Cotton  plants 
have  a  fluffy,  soft 
covering  made  of 
long  fibers  for  their 
seeds  (Fig.  105). 
Men  gather  this 
covering  from  the 
plant,  separate  it 
from  its  seeds,  and 
use  the  fibers  in 
making  cotton 
cloth.  The  fibers 
are  hollow  tubes, 
flat  and  twisted. 

The  stalks  of 
the  flax  plant  are  used  to  make  linen  cloth.  These 
fibers  are  hollow,  Uke  those  of  cotton,  but  straight  in- 
stead of  being  twisted.  They  have  thick  walls  with 
central  openings.  Linen  cloth  is  stronger  than  cotton, 
but  cotton  is  the  lighter  and  more  elastic. 

Cotton  and  linen  are  easily  destroyed  by  strong  acids,  but  are  not 
easily  harmed  by  bases.  In  fact,  if  cotton  is  soaked  in  a  strong  base 
for  a  short  time,  and  is  then  washed  thoroughly,  it  is  made  stronger 


SUk 
Fibers 


Fig.  105.  —  The  fibers  out  of  which  fabrics  are- 
woven,  and  the  silkworm's  cocoon.  Note  the 
overlapping  scales  of  wool  fibers. 
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and  has  a  glossy,  silky  appearance.    Cotton  thus  treated  is  called 
'*  mercerized  "  cotton. 

182.  How  Are  Silk  and  Wool  Obtained  ?  — Silk  and 
wool  are  obtained  from  animals.  Silk-growing  is  one  of 
the  greatest  industries  of  Japan  and  China.  The  eggs 
of  the  silkworm  are  allowed  to  hatch  in  long  trays.  These 
trays  are  filled  with  leaves  and  the  tiny  '^  worms  "  feed 
upon  these  leaves  until  they  become  large,  fat,  white 
creatures.  There  are  usually  so  many  of  these  '^  worms  " 
feeding  in  a  room  that  you  can  hear  them  crunch  their 
food. 

When  the  silkworm  is  grown,  it  spins  a  cocoon,  as  our 
conmion  caterpillars  do,  and  prepares  to  come  out  a 
beautiful,  winged  creature.  But  after  the  spinning  is 
completed,  men  place  the  cocoon  in  hot  water  to  kill 
the  silkworm ;  then  they  unwind  the  tiny  thread  which 
forms  the  cocoon.  Many  of  these  threads  are  woven 
together  to  give  us  a  Uttle  piece  of  silk  cloth.  Silk  fibers 
are  long,  smooth,  beautiful,  and  very  strong. 

Wool  is  obtained  by  shearing  sheep;  this  is  done  in 
the  spring  time.  The  heavy,  wool  coat  grows  in  the 
autumn  to  protect  the  animal  from  winter's  cold  and 
will  drop  oflf  when  warm  weather  comes,  if  it  is  not  cut. 
The  fibers  of  wool  are  short  and  thick,  with  projections 
that  overlap  one  another  (Fig.  105). 

Unlike  vegetable  fibers,  animal  fibers  are  destroyed 
by  bases,  and  are  not  readily  acted  upon  by  acids.  No 
method  of  washing  wool  should  be  used  which  will  force 
the  cells  closer  together,  or  the  wool  will  shrink  and 
finally  become  stiff  and  board-like. 
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183.  How  Is  Clotiung  Washed?  — When  fibers  are 
woven  into  cloth,  tiny  spaces  (pores)  are  left  between 
the  threads  of  the  cloth.  These  pores  form  an  absorbing 
surface  for  the  skin  (cf.  §  108).  Perspiration  and  the 
waste  it  removes  from  the  body,  as  well  as  dead  skin 


iCeurlav  of  HuJuOdLaunim  MocAlw  (g.) 
Fio.  106.  —  The  equipment  of  a  modeia  tauadiy.    Name  the  difFerent  machines. 

itself,  are  all  caught  in  the  surface  of  the  cloth.  Clothing 
that  has  been  worn  too  long  has  a  damp,  sticky  feel 
because  its  pores  are  filled.  This  clothing  should  not  be 
worn  again  until  it  has  been  washed.  The  reason  why 
clean  garments  "  feel  so  good,"  as  we  say,  is  because 
they  have  a  fresh  absorbing  surface. 
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In  ancient  times  the  women  took  the  soiled  clothing  of  the  family 
to  a  stream  and  rubbed  it  out  upon  the  rocks.  Later  the  washing 
was  done  at  home  with  the  aid  of  hot  water  and  soap.  Now  we  have 
stationary  tubs,  washing  machines,  wringers,  and  even  machines  run 
by  electricity  (Fig.  106).  So  our  washing  is  done  better  and  done 
more  easily  all  the  time,  as  we  recognize  the  importance  of  clean 
clothing.  What  would  you  think  of  the  practice,  conmion  in  some 
countries,  of  sewing  on  heavy  clothing  in  the  fall  and  leaving  it 
on  all  winter? 

184.  How  Does  Soap  "  Work  "  ?  —  Why  do  we  use 

soap  ?  We  say  that  it  removes  dirt.  If  you  think  of  it, 
you  will  see  that  the  dirt  we  want  taken  away  from  cloth- 
ing is  usually  some  form  of  grease  or  some  form  of  soot. 
When,  therefore,  the  soap  solution  is  rubbed  on  greasy 
cloth,  it  breaks  up  the  grease  into  tiny  droplets  and 
surrounds  them.  Thus  they  are  separated  from  the 
cloth  and  can  be  washed  away  by  the  water.  Water 
alone  cannot  do  this. 

If  you  try  the  action  of  soap  upon  some  kerosene,  you 
can  understand  its  cleaning  power  for  grease.  Into  a 
test  tube  or  small-mouth  bottle  put  some  kerosene  and 
water  and  shake  the  two  together.  The  kerosene  will 
break  up  into  droplets,  but  when  you  stop  shaking,  the 
droplets  will  soon  unite  and  the  layer  of  kerosene  will 
float  upon  the  layer  of  water.  But  if  you  shake  the 
kerosene  with  a  dilute  soap  solution,  the  kerosene  does 
not  separate  again  into  a  layer  by  itself;  it  remains  as 
tiny  droplets  mixed  with  the  soap  solution.  In  the  same 
way,  the  butter  fat  of  milk  is  kept  suspended  in  tiny 
droplets  by  something  in  the  milk.  A  mixture  like  this 
is  called  an  emulsion. 
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When  a  soap  solution  is  rubbed  upon  soot,  the  tiny 
particles  of  soot  are  surrounded  by  the  soap  solution  and 
so  taken  off  the  clothing. 

How  do  you  suppose  people  ever  learned  to  use  soap? 

186.   How  Is  Soap  Made  ?  —  In  primitive  times  soap- 
making  was  carried  on  by  every  family  (Fig.  107).     In 
the  spring  all  the  winter's  wood  ashes  were  pounded  down 
in  a- barrel  and  water  was 
allowed   to  soak  through 
the    ashes    and    caught 
when  it  came  out  at  the 
bottom.     This  water  was 
boiled     down     to     form 
homemade  lye    (potash). 
Later,    lye    was    bought 
instead   of    being    made. 
Then  the  lye,  either  home- 
made or  commercial,  was 
placed  in  a  huge  kettle 
with    melted    fat    (from 
the    winter's    supply    of 
meat)  and  the  two  were  cooked  together  in  the  open. 
Sometimes  the  cooking  was  continued  for  two  or  three 
days.     Then  the  "  soft  soap  "  was  cooled  and  put  away 
in  barrels  for  the  next  year's  use. 

Nowadays  soap  is  made  on  a  large  scale  in  factories  (Fig.  108). 
Nearly  every  meat-packing  house  has  a  soap  factory  as  a  part  of  its 
business.  Why?  When  the  meats  are  cut  and  packed,  there  are 
always  fat  portions  that  cannot  be  sold.  These  are  used  to  mako 
soap.    Some  soaps  are  made  of  vegetable  fats,  such  as  olive  oil  and 
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cottonseed  oil,  instead  of  animal  fats.  Soap  is  made  by  boiling  the 
fat  or  oil  with  sodiiim  hydroxide  (lye).  The  lye  "  cuts  "  the  fat  and 
it  dieappeaTB  into  solution.  Common  table  salt  is  then  added  to  the 
solution,  and  the  soap  is  "  salted  out."  It  floats  on  the  top,  is  skimmed 
off,  pressed,  and  cut  into  cakes.  Sometimes  a  longer  process  is  used, 
so  that  glycerine  can  be  made  at  the  same  time.  What  sort  of  sub- 
stance is  glycerine?    What  are  some  of  its  uses? 


186.  What  is  Dry  Cleaning?  —  Certain  materials, 
such  as  silks,  woolens,  and  kid  gloves,  lose  their  soft 
finish  if  they  axe  washed  often,  as  cotton  and  hnen  goods 
are.  For  this  reason  a  dry  cleaning  shop  is  now  found 
in  even  our  small  cities.  Dry  cleaning  is  done  by  means 
of  gasoline  instead  of  water.  The  gasoline  used  for  the 
cleaning  evaporates  quickly  from  the  material,  leaving 
it  clean  and  soft  and  as  pretty  as  when  new.    People 
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think  of  gasoline  as  a  liquid ;  they  should  think  of  it  as 
an  inflammable  gas.  It  must  not,  therefore,  be  used 
near  a  fire  nor  where  its  vapor  can  be  carried  to  the  fire, 
or  it  may  bum  with  a  frightful  explosion. 

187.  Exercises.  —  1.  Why  cannot  clothing  be  washed  properly 
m  water  alone,  without  soap? 

2.  Laundries  sometimes  use  acids  for  the  washing  of  clothing;  do 
you  think  such  fabrics  will  last  long?  What  ones  are  especially 
injured? 

3.  Ask  a  good  laundress  how  woolen  clothing  should  be  washed  so 
that  it  will  remain  soft  and  porous. 

4.  Find  out  why  **  bluing  ''  is  used  in  the  washing  of  white  goods. 

5.  Does  soap  form  suds  as  quickly  in  well  water  as  in  rain  water? 
Why? 

6.  Soak  some  ''  strong  "  laundry  spap  in  a  little  water  and  test 
the  solution  with  Htmus  papers.  Is  the  solution  acid  or  basic?  Do 
the  same  with  some  washing  powder.  Why  is  strong  laimdry  soap 
not  good  for  your  hands? 

7.  Why  is  starch  used  in  the  laundry? 

8.  Is  it  true  that  the  civilization  of  a  country  can  be  told  from 
the  amount  of  soap  it  uses?    Why? 

9.  Can  you  give  a  good  reason  why  towels  should  not  be  ironed? 


CHAPTER  XX 

FOOD 

188.  Why  Do  We  Need  Food?  —  If  we  want  to  take 
a  trip  in  an  automobile,  we  are  very  careful  to  fill  the 
gasoline  tank  before  we  start.  When  we  are  traveling 
across  the  country  on  a  train,  the  train  stops  at  certain 
places  and  takes  on  coal  or  water.  If  cars  and  trains 
run,  they  must  be  fed  with  gasoline  or  coal  or  other  fuels. 
It  is  the  same  with  our  bodies.  If  we  want  to  walk  and 
move  about,  our  bodies  must  have  something  to  bum, 
in  order  that  they  may  have  energy.  Now  the  body 
does  not  burn  gasoline  as  a  car  does,  or  coal  as  an  engine 
does ;  it  bums  food.  The  food  which  we  eat  is  oxidized 
in  the  same  way  as  the  gasoline  and  coal  are  (cf .  §  32) 
and  yields,  as  they  do,  heat  and  energy. 

However,  there  is  one  important  difference  between 
the  human  engine  and  the  steam  engine:  the  human 
machine  is  not  built  in  its  final  form ;  it  has  to  grow.  It 
wears  out,  too,  and  has  to  make  its  own  repairs. 

Therefore  two  kinds  of  food  are  needed  for  the  human 
engine :  foods  that  will  be  burned,  or  oxidized,  so  that 
we  may  have  energy,  and  foods  of  the  other  sorts  to  be 
used  for  the  growth  and  repair  of  the  body. 

Think  of  all  the  different  kinds  of  food  we  eat,  yet  all 
these  may  be  divided  into  five  classes  of  foods.  They 
are: 
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1.  Carbohydrates.  4.  Minerals. 

2.  Fats.  5.  Water. 

3.  Nitrogenous  foods. 

The  first  two  are  of  use  in  furnishing  energy,  while 
the  third  is  needed  for  building  up  new  tissues  and  re- 
pairing old  ones.     See  Fig.  109. 

189.  What  Foods  Give  Us  Energy?  —  Carbohydrate  is 
a  long  word,  but  it  means  foods  like  sugar,  starch,  and 
cellulose.     Carbohydrates  and  fats  are  all  compounds 

Fatt  Water 

Csrbohydnitet   Water 


end  Fetr  

Garbohydretet     /  "■■"•*»*•  Mlnereb 

Proteids  end  Fets 

Fig.  109.  —  The  amounts  of  the  different  classes  of  foods  present  in  an  egg, 

a  potato,  a  loaf  of  bread,  and  a  sirloin  steak. 

» 

of  carbon,  hydrogen,  and  oxygen.  When  they  ^te  taken 
into  the  body,  they  combine  with  more  oxygen  (obtained 
through  the  lungs)  until  the  carbon  and  hydrogen  are 
both  completely  oxidized.  This  process  of  oxidation  is 
accompanied  by  heat.  The  heat  keeps  the  body  warm 
and  makes  movement  possible.  Why  are  girls  and  boys 
hungry  after  playing  tennis,  or  hockey,  or  football? 
Why  are  they  warm  ? 

The  carbohydrates  are  found  almost  entirely  in  vege- 
table foods.  Except  in  milk,  only  traces  of  them  are 
found  in  any  animal  food. 
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The  fats,  the  other  great  class  of  energy  producers,  are 
found  in  both  v^etable  and  animal  foods.  They  are 
the  oils  and  solid  fats,  such  as  beef  suet,  tallow,  lard, 
oUve  oil,  cottonseed  oil,  and  butter  (Pig.  110).    The  fats 


have  a  greater  proportion  of  carbon  than  the  carbohy- 
drates, and  therefore  produce  more  heat  when  oxidized. 
A  pound  of  fat  produces  2\  times  as  much  heat  as  a  pound 
of  sugar  or  starch. 

190.  What  Foods  Make  Us  Grow?  — Every  living 
organism  or  cell  contains  nitrogen,  therefore  foods  which 
contain  nitrogen  are  needed  to  build  new  cells  or  repair 
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the  old  ones.  Such  foods  are  kno¥ni  as  nitrogenous 
foods.  They  contain  hydrogen,  oxygen,  carbon,  and 
nitrc^en.  True,  if  an  excess  is  eaten,  the  hydrogen  and 
carbon  may  be  oxidized  to  furnish  energy  just  as  the 
sugars  and  fats  do.  In  that  case,  the  nitrogen  is  wasted 
and  forms  compoimds  which  are  difficult  for  the  body 
to  get  rid  of.  For  that  reason,  and  because  the  nitrogen 
foods  are  usually  more  expensive,  it  is  wise  to  eat  only 
as  much  of  them  as  the  body  actually  needs  for  growth 
and  repair,  and  to  depend  solely  upon  the  other  foods 
(carbohydrates  and  fats)  for  heat  and  energy.  Nitrogen 
cannot  be  stored  in  the  body  as  sugars  and  fats  can.  If 
carbon,  oxygen,  and  hydrogen  are  stored,  they  are 
changed  to  a  form  of  fat  and  do  not  hold  the  nitrogen. 
How  often  should  we  eat  meat  (a  nitrogenous  food) 
diuing  the  day  ? 

Lean  meat,  of  course,  is  the  most  common  food  of  this 
class.  Milk,  cheese  (a  product  of  milk),  eggs,  meat,  nuts, 
peas,  beans,  and  lentils  are  the  foods  which  contain  the 
most  nitrogen,  and  are  called  the  tissue-builders,  or  the 
nitrogenous  foods.  They  are  also  sometimes  called  pro- 
teid  foods. 

An  Experiment.  —  Do  you  want  to  separate  the  starch  from  the 
nitrogenous  part  of  wheat  flour?  Then  make  a  tough  dough  out  of 
i  of  a  cupful  of  flour  and  a  little  water.  Tie  the  dough  in  a  piece  of 
good  cheesecloth  and  knead  the  dough  under  water.  Note  that  the 
water  becomes  cloudy  because  of  the  starch  that  comes  through  the 
cloth.  After  no  more  starch  can  be  pressed  out  of  the  flour,  examine 
the  substance  inside  the  cloth.  What  is  its  color?  Is  it  sticky? 
Elastic?  It  is  the  gluten,  the  nitrogenous  part  of  the  flour.  Let  the 
starchy  water  settle,  then  pour  off  all  the  water  you  can  and  the  starch 
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will  remain  as  a  sediment.    Scrape  the  starch  out  on  a  piece  of  news- 
paper, and  let  it  dry. 

191.  What  are  the  Minerals  in  Foods  ?  —  The  minerals 
found  in  some  foods  and  water  are  often  called  the  body 
regulators.  Our  table  salt  is  a  mineral  without  which 
we  cannot  exist.  One  of  the  most  cruel  methods  the 
ancients  had  of  inflicting  pimishment  upon  prisoners 

was  to  kill  them  by  leaving  salt 
out  of  their  food.  They  died  a 
slow,  painful  death. 

Some  foods,  such  as  spinach, 
_,     ,       ,   ,    lettuce,     onions,    and    different 

Fig.  111.  —  The  cheesecloth  '  •   .      i  x        x*     i        r 

bag  contains  wheat-flour  dough,   greens,  consist  almost  entirely  of 

r?:!rsttch"ofl"^  water  and  minerals.    Fruits  and 

passes  through  the  cloth,  leav-  vegetables  are  rich  in  mineral  mat- 
ing the  gluten  inside.  .  rn,  ,  ,  i  •   i 

ter.  The  elements  which  are 
required  by  the  body  are  sulphur  (found  in  great  amounts 
in  eggs),  calcium  (best  source  is  in  milk),  potassium, 
phosphorus,  chlorine,  iron,  and  others.  Our  bones  are 
mad.e  largely  of  calcium  compounds.  If  we  do  not  have 
enough  of  these  compounds,  we  are  likely  to  be  weak- 
boned  or  undersized.  At  what  ages  do  we  need  the 
most  calcium  ?  Experts  say  that  young  children  should 
have  a  quart  of  milk  a  day  and  that  older  boys  and 
girls  should  have  at  least  a  pint  in  order  to  be  sure  to  get 
enough  calcium  compounds. 

When  iron  is  lacking  in  the  diet,  the  disease  anemia 
lays  hold  upon  the  person.  Many  pale  children  who 
seem  dull  and  lifeless  are  suffering  because  there  is  not 
enough  iron  in  the  blood.    The  body  cannot  digest  nails 
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or  a  bar  of  iron,  so  we  must  get  our  iron  by  eating  those 
foods  which  are  rich  in  it.  Spinach  is  especially  rich  in 
iron ;  so  are  eggs.  Raisins^  dates,  figs,  and  prunes  give 
it  in  quantities  we  can  measure,  and  many  vegetables 
contain  a  small  per  cent  of  iron. 

Many  people  believe  that  a  diet  of  meat,  potatoes,  and  bread  is 
sufficient  to  keep  them  in  health.  This  is  a  mistake.  If  we  wish  to 
have  splendid  health  and  the  perfect  kind  of  body  which  has  no 
weak  points  and  so  can  resist  disease,  we  must  be  careful  to  add  milk 
to  the  list  and  to  eat  plenty  of  fresh  fruits  and  vegetables.  Only  thus 
can  we  get  the  precious  minerals  we  need. 

When  any  food  is  burned  completely,  the  ashes  which  remain  are 
the  minerals  contained  in  that  food. 

Experiment.  —  Set  the  cover  of  a  baking-powder  can  upon  some 
hot  coals,  or  over  a  gas  flame,  and  in  it  heat  a  small  piece  of  bread  until 
all  the  charcoal  has  burned  away  and  only  grayish  ashes  remain.  Is 
the  amoimt  great  or  small?  Put  the  ashes  in  a  glass  dish  and  add  a 
drop  of  some  acid.  What  happens?  What  gas  is  probably  given  off 
(cf.§38)? 

192.  Why  Do  We  Need  Water  in  the  Diet?  —  Every 
food  contains  some  water,  and  some  foods,  such  as  milk, 
are  mostly  water.  Water  is  the  most  important  thing 
in  the  diet.  Man  can  Uve  without  food  for  days  and  days, 
but  water  is  absolutely  necessary  if  Ufe  is  preserved  for 
long.  Water  is  used  in  building  up  the  tissues,  in  carry- 
ing them  suppUes,  and  in  carrying  away  wastes.  Drink- 
ing water  at  meal  time  is  not  harmful,  if  we  do  not  "  wash 
down  ''  half-chewed  portions  of  food  with  it.  A  drink  of 
water  a  Uttle  while  before  eating  is  of  great  benefit  in 
preparing  the  digestive  organs  for  receiving  food.  Some 
physicians  advise  the  drinking  of  eight  glasses  of  water 
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every  day ;  others  say  more  or  less.  It  is  well  for  us  to 
cultivate  the  habit  of  drinking  a  great  deal  of  water ;  we 
shall  have  better  health  if  we  do. 

193.  How  Do  We  Depend  upon  Plants  ?  —  Could  we 
live  without  plants?  No,  we  could  not.  Can  we  take 
a  pinch  of  sulphur,  a  bit  of  carbon  from  coal,  and  a 
quart  of  nitrogen  from  the  air?  The  question  is  ridicu- 
lous; yet  we  have  to 
^*  .        have    those   very  ele- 

ments if  we  would  live. 
That    is    what    plants 
do   for  us.     Minerals, 
HYo  water,  and  the  nitrogen 
.NT     and  the  carbon  dioxide 
of  the  air  are  all  taken 
into  the  plant  as  foods 
Fig.  112. —  a  kernel  of  com,  showing  how  and  are  made  part  of 

the  ooni  griun  is  gtored  with  food  (largely  tUo  nlan+'a  hnrlv  Tho 
Btorch)  for  the  young  corn  plant.  *"^  P'^""^  ^  ^°"^-      .^™ 

plant  unites  them  into 
complex  compounds,  such  as  sugars,  oils,  and  nitrogenous 
substances.  Then  animals  eat  the  plants  and  get  the 
food  materials  from  them  in  a  useful  form.  The  animal 
food  which  we  eat,  such  as  meat,  e^s,  and  milk,  was 
formed  by  an  animal  from  plant  food  eaten  by  that 
animal  or  by  smaller  animals  upon  which  it  feeds.  What 
do  sheep  feed  upon?     Chickens? 

To  make  a  carbohydTote,  carbon  dioxide  is  taken  from  the  air  and 
by  a  process  which  goes  on  in  the  plant  is  joined  with  water  to  form 
sugar  or  starch.  These  are  oxidized  in  the  animal  body  to  give  water 
and  carbon  dioxide  again.  Thus  plant  life  and  animal  life  help  each 
other  and  a  delicate  balance  is  kept  between  the  two. 
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The  plant  stores  food  to  nourish  its  young.  Examine 
a  kernel  of  corn  (Fig.  112).  You  will  find  there  is  a 
small  dark  spot  at  the  tip.  This  is  the  germ,  or  Uving 
part,  which  will  start  growing  if  put  into  water.  The 
greater  part  of  the  kernel  is  a  white  substance,  starch 
(Fig.  113).  This  starch  is  stored  around  the  germ  so 
that  the  Uttle  plant  when  it  starts  growing  will  have 
some  food  close  at  hand  in  a  form 
easy  to  use. 

It  is  these  plant  storehouses 
that  we  usually  eat.  Sometimes 
we  eat  the  leaves  (spinach),  some- 
times the  stalk  (celery),  but  more 
often  it  is  the  seed  (peas,  beans, 
rice,  wheat)  or  the  fruit  (grapes 
and  oranges).  Roots  and  under- 
ground stems  are  often  the  storing 
places  (potatoes,  radishes,  onions), 
plant  seeds  that  we  use  as  a  food. 

194.  Exercises.  —  1.   Name  the  five  classes  of  nutrients. 

2.  What  are  the  chief  nutrients  in  milk,  meat,  potatoes,  bread, 
sugar,  olive  ofl? 

3.  What  is  the  value  of  a  vegetable  salad  in  a  dinner? 

4.  What  nutrients  are  not  abundant  enough  in  a  meal  of  bread, 
boiled  potatoes,  and  rice  pudding? 

5.  What  do  you  think  of  this  as  a  "  balanced  "  or  proper  kind  of 
meal :  meat,  baked  potatoes,  celery  and  baked  apples? 

6.  Why  can  a  dog  digest  bone,  while  we  cannot? 

7.  The  body  temperature  of  some  Arctic  explorers  was  found  to  be 
about  97**  F.  mstead  of  98.6° ;  why?  What  kinds  of  food  did  they 
need  most? 

8.  Show  that  the  energy  of  your  body  comes  originally  from  the  sun. 


Fia.  113. — Grains  of  starch, 
much  magnified. 

Name  some  other 


CHAPTER  XXI 
THE  COOKING  AND  BAKING  OF  FOODS 

195.  Why  Do  We  Cook  Food?  —  When  in  his  history 

do  you  suppose  man  invented  cooking?     No  wild  animal 

cooks  its  food ;  very  early  savage  man  doubtless  ate 

flesh  and  other  foods  raw, 

as  some  savage  races  still 

do. 

No  doubt  the  reason 
why  man  began  to  cook 
food  was  because  he 
found  that  cooking  im- 
proved the  flavor ;  but 
he  has  found,  as  his 
knowledge  has  grown, 
Fia.  114. —  A  cross  section  of  potato    that  the  most  important 

rih'Sir""'""  ""■"""'•  «'«<>"  '<>■•  tte  "<>°ki"e 

of  food  is  to  make  it 
digest  better.  Cooking  softens  and  breaks  up  the 
walls  which  surround  the  real  food.  These  walls  are  of 
celltilose  in  vegetables  and  of  a  tough  material  called 
connective  tissue  in  meat.  If  you  examine  a  slice  of 
potato  under  the  microscope  (Fig.  114),  you  will  find  that 
it  is  composed  of  many  irregular  cells ;  the  cell  walls  are 
of  cellulose,  the  grains  within  are  grains  of  starch.    Starch 
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is  digestible,  but  cellulose  is  not  digested  by  man's  di- 
gestive organs  and  must  be  softened  and  broken  away 
from  the  food  it  wraps,  so  that  the  food  may  be  digested. 
We  find  cellulose  in  fruits  and  vegetables.     The  celery 
plant  has  a  good  deal  of  cellulose ;  the  tough  strings  we 
find  on  old  string  beans  are  cellulose.     The  "  popping  " 
of  com  illustrates  the  complete  breaking  up  of  the  cellu- 
lose   which     in- 
closes the  starch. 
If  you  tear  a 
pieceof  meat  into 
small  pieces  (Fig. 
115), you  will  find 
that  it  is  in  bun- 
dles   of    muscle 

fiber  and  that  Fiq.  115. —  a  steak  is  a  cross  secUoQ  of  muscle 
Mfh  hiitirilo  U  tissue.  Note  the  connective  tissue  between  the 
eacn       OUnaie      is    bundiea  of  muscte  fiber. 

mode  up  of  sev- 
eral smaller  ones.     Each  big  and  each  little  bundle  is 
surrounded   by   a   coating  of  connective   tissue.     Con- 
nective  tissue,  like  cellulose,  needs  to  be  softened  by 
proper  cooking. 

Some  complete  changes  of  one  food  into  another 
occur  in  the  cooking  of  foods,  and  the  new  substances 
are  more  easily  digested.  For  example,  the  brown 
covering  on  toast  is  starch  which  has  been  changed  to 
dextrin,  a  compound  still  more  easily  digested  than 
starch.  When  fatty  meats,  as  bacon,  are  cooked,  some 
of  the  oil  is  lost  by  simply  being  cooked  out,  or  "  tried  " 
out.     Meats,  eggs,  cheese,  and  nitrogenous  foods  of  that 
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sort  break  up  into  gases  when  heated  to  too  high  a 
temperature,  and  part  of  the  food  is  lost.  What  re- 
mains is  toughened  and  rendered  less  digestible.  Should 
such  foods  be  cooked  at  a  really  high  temperature  ? 

There  is  still  another  reason  for  cooking  food.  When  one  form  of 
animal  or  vegetable  life  lives  upon  another,  that  dependent  form  is 
called  a  parasite.  You  know  that  meat  often  contains  not  only  un- 
desirable bacteria,  but  also  injurious  parasites,  such  as  the  tapeworm 
and  trichina.  For  that  reason  pork,  which  is  more  likely  to  contain 
bacteria  and  parasites  than  any  other  meat,\should  never  be  eaten 
unless  it  has  been  thoroughly  cooked. 

196.  Why  Are  Foods  Cooked  in  Boiling  Water?  — 
Foods  which  are  cooked  in  boiling  water  are  cooked  at 
what  temperature  ?  Of  course  they  are  cooked  at  the 
temperature  of  the  boiUng  water,  which  is  212°  F.,  or 
100°  C.  The  cooking  of  vegetables  in  boiling  water  is 
the  simplest  way  of  preparing  them.  Boiling  does  not 
permit  of  any  drying  out  and  most  vegetables  need  water 
to  give  them  a  good  appearance  as  well  as  a  fresh  taste. 
The  objection  to  cooking  in  water  is  that  minerals  and 
other  soluble  materials,  such  as  sugar  and  the  delicate 
oils  which  give  a  food  flavor,  are  lost  in  the  water  and 
drained  off.  We  must  always  take  care  not  to  boil 
food  too  long,  for  over-boiled  vegetables  are  soggy  and 
tasteless. 

The  steaming  of  food  is  an  excellent  method  of  cooking,  with  all 
the  advantages  of  boiling  and  many  more.  Steaming  retains  the 
minerals,  sugar,  and  flavors  in  the  food.  Try  boiling  half  of  a  small 
sweet  potato  and  steaming  the  other  half,  and  compare  the  flavor. 
When  we  cook  food  in  a  steamer,  what  is  it  that  does  the  cooking? 
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197.  What  is  Broiling  ?  —  Broiling  was  the  first  method 
of  cooking  meats.  The  most  primitive  people  built 
fires  and  hung  their  food  over  the  fire  to  brown  (Fig.  116). 
Broiling  is  a  delicious  way  of  cooking  meat,  but  a  pan 
should  be  used  to  catch  the  juices  and  prevent  waste. 

198.  How  Do  We  Fiy  Foods  ?  —  There  are  two  methods 
of  frying:  deep-fat  frying  and  saut^ing.  Saut^ing  is  the 
method  used  in  our  ordinary  "  fried  "  potatoes.  Deep- 
fat  frying  is  used  in  cooking 

doughnuts  or  croquettes. 
The  whole  food  is  immersed 
in  the  fat.  Frying  adds  oil 
to  the  food  and  also  adds  to 
the  flavor ;  but  it  produces 
a  vray  rich  food,  and  the 
stomach  and  other  oi^ns 
cannot  digest  very  much  of  it.  ^"^  n6- -  BromoB  « fowi  oa  « spit 

°  -'  over  the  open  nre. 

Fried  potatoes  are  not  health- 
ful when  they  are  "swimming  in  grease."  Doughnuts  and 
croquettes  should  be  well  drained  and  the  fat  properly 
hot  to  prevent  them  from  being  so^y  and  greasy.  Fry- 
ing is  the  least  desirable  method  of  cooking,  because  it 
is  likely  to  make  foods  hard  to  digest.  Can  you  name 
four  ways  of  cooking  eggs  besides  frying  them? 

199.  What  is  the  Baking  of  Foods  ?  —  Baking  is  not 
limited  to  pies,  cakes,  and  bread ;  vegetables  and  meats 
may  be  baked  also.  Baking  is  the  heating  of  food  in  an 
inclosed  space,  such  as  an  oven.  The  temperature  may 
be  higher  than  boiling  water,  or  it  may  be  lower.  How 
is  the  oven's  temperature  regulated? 
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Have  you  ever  thought  why  we  should  eat  baked  potatoes  instead 
cf  fried  ones?  Why  are  baked  potatoes  given  to  invalids?  There 
is  a  very  good  reason  for  this.  The  heat  of  the  oven  produces  steam 
inside  of  the  potato.  The  skin  holds  this  steam  in  and  makes  a 
pressure.  Under  the  pressure  the  starch  cells  burst  and  break  up 
better  than  they  do  if  cooked  in  any  other  way. 

200.  Why  Is  Baking  Powder  Used?  —  How  do  you 

think  a  cake  would  look  or  taste,  if  it  did  not  have  any- 
thing in  it  to  make  it  rise?    It  would  be  a 


Cornstarch 


Cream  of  tartar 


Baking  soda 


soggy,  lumpy  mass  of  dough  and  very  mdi- 
gestible  as  well.  How  do  you  suppose  men 
first  began  to  use  leavening,  or  "  raising," 
materials?  There  are  now  two  principal 
ways  of  making  dough  rise.  One  is  by  the 
use  of  baking  powder ;  the  other  is  by  the 
Fig.   117.—   use  of  yeast. 

Baking  powder  ^  rxx  j'U'ux  j 

is  usually  i  bak-        Cream  of  tartar,  sodium  bicarbonate,  and 
ing     soda,     1    g^arch  are  used  to  make  the  most  expen- 

cream  of  tartar,  ^ 

and    i     corn    sive  baking  powders   (Fig.    117) ;    in  the 

cheap  grades,  phosphates  and  alum  are  found. 
Starch  or  flour  is  put  into  the  mixture  to  keep  it  dry. 

When  the  mixture  becomes  moist,  as  when  it  is  mixed 
in  a  batter,  and  particularly  when  it  is  heated,  carbon 
dioxide  is  formed.  The  carbon  dioxide  is  a  gas,  as  you 
know  (cf .  §  37) .  When  it  is  formed  in  the  biscuit  or 
cake  dough,  it  pushes  holes  for  itself  in  the  dough.  When 
the  dough  is  placed  in  the  oven,  each  of  these  Uttle,  im- 
prisoned bubbles  of  gas  is  expanded  by  the  heat  and 
pushes  aJarger  hole  for  itself  in  the  dough;  then  the 
dough  bakes  in  this  raised-up  position. 
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What  makes  a  cake  "  fall "?  The  reason  is  that  if  the  dough  is 
not  thoroughly  cooked  and  stiffened  around  the  bubble,  the  carbon 
dioxide  gas  will  not  remain  expanded  when  the  cake  leaves  the  oven 
and  the  dough  will  sink.  Baking  powder  acts  inmiediately  upon  being 
moistened  and  anything  which  is  raised  by  baking  powder  should  be 
put  into  the  oven  as  soon  as  it  is  mixed.  What  would  happen  if  it 
were  not? 

201.  What  is  Yeast?  —  For  centuries  people,  have 
noticed  that  if  fniit  juices  are  left  in  an  open  dish,  they 
ferment.  Housewives  also  had  a 
way  of  leaving  bread  dough  in  the 
air  and  letting  it  rise,  but  they  did 
not  understand  the  process.  Now 
we  know  that  the  wild  yeast  of  the 
air  caused  it.  Yeast  plants  are  too 
small  for  us  to  distinguish  them  with 
om*  unaided  eyes  (Fig.  118). 

The  yeast  has  three  states  of  Ufe:  fig.  iis.  — Ceiisof  the 
(1)  the  resting  stage ;  (2)  the  growing  ^^ding^^'  "^""'^  ""^  ^^^"^ 
stage;  (3)  the  spore  stage.  In  the 
resting  stage  yeast  is  blown  against  foods  and  starts  its 
growth.  It  grows  by  "  budding.''  Each  plant  shoots 
out  several  buds,  which  grow  and  have  buds  of  their 
own  (Fig.  118).  When  the  conditions  for  its  Ufe  are 
very  unfavorable,  each  plant  divides  and  bursts  its  cell 
walls,  throwing  oflf  spores,  or  '^  seed-Uke  "  forms  of  the 
plant.  These  spores  will  resist  great  changes  of  tem- 
perature for  a  long  time,  are  hard  to  kill,  and  are  con- 
sequently found  everywhere. 

Yeast  requires  certain  sugar  solutions  to  grow  in.  If 
the  solution  does  not  have  too  much  sugar  in  it,  it  will 
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be  acted  upon  by  yeast  if  left  in  the  air.  The  yeast 
grows  and  changes  the  sugar  into  alcohol  and  carbon 
dioxide  (cf.  §§  175  and  204).  This  is  the  reason  why 
grape  juice,  if  left  in  the  air,  ferments  and  becomes  wine. 

Do  this  experiment  (Fig.  119) :  Place  a  teaspoon  of  molasses  and 
a  cup  of  water  in  a  flask  or  bottle.  Add  J  of  a  cake  of  yeast.  Pro- 
vide a  ^topper  with  one  hole  in  it.    Through  this  hole  run  a  glass  tube 

and  let  the  other  end  of  the  tube  dip  under 
the  surface  of  limewater  which  is  in  a  test 
tube  or  slender  bottle.    As  you  found  out  in 
§  37,  carbon  dioxide  makes  limewater  look 
milky.    Leave  the  fermenting  solution  in  a 
warm  (not  hot)  place  for  several  days.    Look 
often  for  any  change  in  the  limewater.    Note 
the  smell  of  the  sugar  solution.    What  has 
Fio.    119. —  A     sugar  been  formed  in  it?    For  what  is  the  lime- 
solution  (molasses)   being    water  a  test? 
fermented  by   the   action 

iSumTwir*  *""*      202.  How   Does   Yeast    Act    in 

Making  Bread?  —  The  yeast  we 
buy  and  use  is  grown  in  a  yeast  factory.  The  yeast 
plants  are  produced  in  great  numbers  in  a  food  they 
thrive  on,  then  are  gathered  together  into  yeast  cakes 
and  pressed.  Dry  yeast,  which  contains  the  plants 
in  the  spore  stage,  may  be  kept  for  weeks  or  even  months, 
but  it  takes  longer  to  begin  its  growth  when  it  is  put 
into  the  sponge.  ''  Compressed  ''  yeast  cakes  are  bought 
in  a  soft  form,  which  contains  the  plants  in  the  growing 

stage,  but  this  form  cannot  be  kept  very  long,  especially 

• 

In  warm  weather.  The  soft  yeast  has  the  advantage  of 
acting  much  sooner  than  the  dried.  Rising  bread  should 
be  kept  at  about  70°-90°  F.,  as  the  plants  do  not  grow  if 
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they  are  too  cool  and  are  easily  killed  (when  growing)  if 
too  hot.  The  yeast  in  the  bread  produces  alcohol  and 
carbon  dioxide,  and  the  carbon  dioxide  and  the  alcohol 
vapor  act  just  as  the  carbon  dioxide  does  when  formed 
from  baking  powder.  The  bubbles  push  the  dough  up 
and  expand  in  the  baking.  During  baking  the  yeast 
plants  are  killed  and  the  alcohol  is  driven  ofif . 
What  a  wonderful  process  "  raising  bread  by  yeast  "  is ! 

2203.  Ezerdses.  —  1.  What  are  three  good  reasons  for  the  cooking 
of  food? 

2.  Ask  your  mother  or  a  cook  whether  meat  to  be  roasted  should 
be  put  into  a  very  hot  oven  or  one  of  moderate  temperature  and  why. 

3.  Why  is  some  bread  heavy,  or  soggy?  Why  is  it  not  good  to 
eat?    How  is  "  angel  food  "  cake  raised? 

4.  Tell  why  ''  toasted  "  bread  is  so  healthful.  Is  a  soft-boiled  egg 
more  digestible  than  a  hard-boiled  one?    Why? 

5.  What  is  the  difference  between  baking  soda  and  baking  powder? 

6.  Soda  and  sour  milk  are  often  used  together  to  make  dough  rise. 
Why?  What  kind  of  substance  does  sour  milk  contaia?  How  does 
Hm  act  with  soda? 

7.  What  nutrients  are  lost  when  food  is  cooked  for  a  long  time 
in  water? 

8.  Find  out  what  foods  can  be  made  out  of  skim  milk. 


CHAPTER  XXII 
THE  PRESERVING  OF  FOODS 

204.  Why  Do  We  Can  and  Preserve  Foods  ?  —  You 

know  what  happens  if  most  foods  are  left  exposed  to 
the  air :  they  spoil,  or  ^'  rot/'  The  air  about  us  is  full 
of  the  spores  of  bacteria,  yeast,  and  molds  (cf.  §§34,  175, 
201),  microscopic  plants  which  include  some  of  man's 

fbest  friends  as  well  as  some 
of  his  worst   enemies.      As 
0  r    they  float  about  in  the  air, 
\m      the  plant  spores  fall  upon  our 
^Jn^      foods,  which  are  their  foods 

■- "^^    also  (Fig.  120).     When  these 

J,     ion      T^v       ^A  *i.  .  ^i^y  plants  feed    upon  our 

Fig.  120.  —  The  mold  that  grows     -        ,      .  .  . 

upon  bread,  and  a  fruiting  body  that  food  they  break  it  Up  mto 
produces  the  spores.  ^^^      COmpoUnds,      SOme      of 

which  go  off  as  gases.  In  time  the  food  is  completely 
destroyed.  The  result  of  the  action  of  these  unseen 
destroyers,  when  we  look  at  it  in  the  right  way,  is  really 
very  beneficial  to  the  earth,  for  they  remove  waste  foods 
and  dead  plant  and  animal  matter.  But  if  we  wish  to 
guard  food  that  we  want  to  eat,  we  must  either  seal  it 
away  from  the  air,  or  we  must  treat  it  in  such  a  way 
that  destructive  plants  cannot  grow  in  it. 

205.  How  Does  Drying  Preserve  Food  ?  —  Drying  is 
one  way  of  treating  food  so  that  it  will  be  impossible 
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for  bacteria  to  attack  it.  Bacteria  and  other  germs  need 
moisture  for  growth,  just  as  a  human  being  does.  Al- 
thougji  a  dried  apple  may  be  covered  with  spores,  they 
will  not  start  growing  until  there  is  enough  moisture 
present.  The  method  of  keeping  fruits  and  vegetables 
by  drjong  them  was  practiced  by  our  ancestors  long  ago. 
It  is  easy  and  requires  very  little  equipment.  Old  attics 
used  to  be  hung  with  dried  com  and  apples;  many  of 
the  medicines  were  dried  herbs.  In  the  dry  sections  of 
the  West  "jerked 
beef  "  was  made  by 
cutting  the  meat  into 
strips  and  hanging  it 
out  of  doors  to  dry 
in  windy  weather. 

206.  How  Is  Meat 
Smoked?  —  Every 
prosperous  farmer,  up 
to  a  generation  ago, 
had  a  smoke  house. 
Before  the  days  of  refrigerator  cars  and  easy  access  to 
meat  markets,  the  farmer  killed  his  own  meat,  and  as 
the  meat  could  not  all  be  eaten  at  once,  some  of  it  had  to 
be  preserved,  or  protected  from  the  germs  of  the  air. 
It  was  hung  in  the  smoke  from  a  wood  fire  until  the  smoke 
had  not  only  given  a  delicious  flavor  to  the  meat,  but  also 
had  rendered  it  safe.  Smoke  is  a  preservative  because 
it  contains  a  substance  called  creosote. 

207.  What  are  Salting  and  Pickling  ?  —  Two  common 
home  preservatives  are  salt  and  vinegar;  they  season 


Fig.  121.  —  A  smoke  house  for  smoking  fish. 
The  smoke  passes  through  a  long  pipe  before  it 
enters  the  house,  in  order  that  it  may  be  cooled. 
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food  as  well  as  preserve  it.  Salt  and  vinegar  make 
solutions  in  which  the  germs  of  decay  cannot  live.  Salt- 
peter (which  the  chemist  calls  potassium  nitrate)  is  also 
used.  It  makes  the  red  color  of  meat  more  intense. 
You  know  how  red  "  corned  beef  "  is ;  saltpeter  is  used 
in  preserving  it. 

208.  How  Does  Sugar  Preserve  Food?  —  Have  you 
ever  seen  your  mother  put  up  preserves,  or  jelly,  or 
candied  fruits?  She  does  not  seal  the  jars  or  cans 
tightly,  as  she  does  in  ordinary  canning.  Why  then  do 
not  the  germs  and  spores  of  the  air  fall  into  the  fruit 
and  cause  it  to  ferment  or  mold  ?  If  you  were  to  find  out 
how  much  sugar  is  used  in  "  preserving ''  fruits,  you 
would  have  the  answer:  the  amoimt  of  sugar  is  much 
larger  than  in  canning;  so  large  that  germs  cannot  live 
in  the  sugar  solution. 

209.  What  are  the  Principles  of  Canning?  —  The 
methods  of  preserving  food  by  smoking  and  by  the  use  of 
salt,  vinegar,  and  sugar  have  been  practiced  for  many 
centuries.  A  wonderful  step  in  progress  was  made  in 
the  nineteenth  century,  when  the  method  of  preserving 
food  by  sealing  it  tightly  in  glass  or  tin  cans  came  into 
general  use.    The  principles  of  canning  are : 

(1)  to  sterilize  the  food,  that  is,  to  kill  any  bacteria  or  spores  which 
may  be  on  it ; 

(2)  to  seal  it  air-tight  and  preyent  the  entrance  of  any  more  bacteria 
or  spores. 

Fruits  and  vegetables  are  attacked  freely  by  germs 
from  the  air;  in  canning,  the  food  is  cooked  until  the 
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temperature  becomes  too  hi^  for  the  germs  to  exist 
{212°  F.  or  higher). 

210.  What  are  the  Me&ods  of  Canning?  —  Several 
processes  are  used  in  caiming.  The  oldest  is  the  "  open 
kettle  "  method.  The  food  is  put  into  a  kettle  and  boiled. 
Then  it  is  dipped  out,  put  into  a  thoroughly  cleaned  and 
sterilized  can,  and  sealed.  How 
is  the  can  sterilized,  or  freed  from 
germs? 

In  changing  the  food  from  kettle 
to  can,  there  is,  of  course,  some  httle 
danger  that  bacteria  or  other  germs 
will  get  on  the  fruit.  There  is  also 
danger  that  germs  may  lurk  in  re- 
used can  covers,  if  they,  too,  are  not 
very  well  sterilized  by  thorough  boil- 
ing. The  cans  should  always  be  filled  pio.  122.  —  ThBateam 
to  overfiowing  and  no  air  bubbles 
shoiild  be  left  in  them.    Why? 

The  newer  method  of  canning  is  the  "  cold- 
pack  "  method.  The  government  has  an  agricultural 
bulletin  devoted  to  the  description  of  this  process; 
it  gives  information  as  to  how  long  each  partic- 
ular food  should  be  cooked  and  how  each  should  be 
handled  (Fig.  122). 

If  fruit  is  to  be  canned,  it  is  made  ready,  placed  in  cleaa  cans, 
covered  with  a  sirup,  and  then  the  whole  can  is  heated  to  the  tem- 
perature of  boiling  water  or  higher.  Sometimes  the  can  is  heated 
in  the  oven,  sometimes  by  steam ;  but  in  the  home  the  method  of 
immersing  the  can  is  most  often  used  (F^.  123). 
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Vegetables  are  first ''  blanched/'  that  is,  are  put  into  boiling  water 
for  a  short  time.  Then  they  are  chilled  by  cold  water  and  are  packed. 
Salt  and  sometimes  water  are  added  and  then  the  cans  are  heated. 
The  lids  are  put  on  the  cans  before  they  are  heated,  but  they  are  not 
sealed  tightly  until  the  can  is  taken  out  of  its  water  or  steam  bath. 
Vegetables  have  to  be  heated,  or  "  processed,"  as  we  call  it,  much 
longer  than  the  fruits.  The  reason  for  this  is  that  there  are  spores 
on  the  vegetables,  which  are  not  killed  by  heat  unless  the  heating  is 
carried  on  for  a  great  length  of  time. 

"  Intermittent  heating/'  that  is,  heating  several  times, 
is  often  used  to  preserve  vegetables ;  it  is  carried  out  by 

heating  the  can  of  vegetables  for 
a  little  while  on  each  of  three 
days.  The  first  heating  is  not 
long  enough  to  kill  all  the  spores, 
but  when  the  vegetable  begins  to 
y:^     ,00      a.1-  1-  X     .     cool  and  reaches  a   nice,  warm 

Fig.  123.  —  The  hot  water                                                                    ' 
canner,  made  out  of  a  wash    temperature,    the    SporeS    that    re- 
boiler  having  a  double  bottom.    ^^^'^     J ,«i^^     ;^4.^     4.u^     ^^^^..^' 

mam  develop  into  the  growing 
stage.  The  next  day  the  can  is  heated,  and  as  the  bac- 
teria in  the  growing  stage  are  easily  destroyed,  the 
developed  spores  are  killed. 

The  cold-pack  method  makes  more  attractive  canned 
products  possible,  because  the  fruit  and  vegetables  are 
put  in  whole  and  are  not  handled  again;  hence  they 
keep  their  shape.  Tomatoes  canned  in  this  way  make 
salads  possible  in  the  winter.  The  flavor  and  color  are 
much  finer.  When  you  enter  a  house  in  which  canning 
is  being  done  by  the  open  kettle  method,  the  odor  of  the 
fruit  is  noticeable  even  though  the  cooking  is  being  done 
in  another  room.    Why?    Much  of  the  flavor  of  the 
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fruit  is  lost  in  this  odor.  Much  of  the  color  is  lost,  too, 
by  the  open  heating.  When  fruit  is  cooked  in  the  can, 
its  flavor  and  color  are  retained. 

211.  Does  Canning  Pay?  —  Do  you  think  that  people 
ought  to  cultivate  the  habit  of  canning?  If  we  could 
once  see  the  amount  of  good  food  that  goes  to  waste  in 
the  ordinary  family  garden,  we  wolild  reaUze,  with  a 
shock,  that  there  is  no  better  way  to  practice  saving,  or 
thrift,  than  to  can  for  winter's  use  the  vegetables  and 
fruits  of  sununer.  Think  of  it!  It  has  been  estimated 
that  half  of  all  the  fruit  and  vegetables  nature  grows  for 
us  are  wasted  every  year.  Sometimes  they  remain 
neglected  in  the  garden;  sometimes  they  are  sent  to 
market  and  through  bad  methods  of  packing  or  seUing 
are  allowed  to  spoil,  unsold. 

What  examples  of  avoidable  waste  of  food  do  you  know 
of  in  your  community?  How  could  such  waste  be 
remedied  ? 

212.  Caiming  as  a  Factory  Industry.  —  Have  you 
ever  thought  how  canning  has  changed  our  method  of 
hving?  People  find  it  so  convenient  to  have  the  vege- 
tables of  summer  all  winter  long,  and  so  enjoy  having  on 
their  tables  the  perishable  products  of  distant  regions, 
that  the  canning  of  fruits,  vegetables,  fish,  and  meat 
has  become  one  of  the  large  industries  of  the  United 
States.  In  some  cases  the  food  is  partly  cooked  before 
it  is  canned.  This  is  true  of  sweet  corn.  Most  foods, 
however,  are  packed  cold.  After  the  cans  are  filled, 
they  are  capped  by  machinery  and  then  heated  —  usu- 
ally xmder  steam  pressure. 
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The  machinery  which  has  been  invented  for  the  filling  of  cans,  for 
moving  them,  and  for  heating  and  preparing  the  food  to  put  into  the 
cans,  makes  the  canning  process  very  easy  and  very  rapid.  Peas, 
for  example,  are  canned  in  great  quantities.  The  way  in  which  they 
are  graded  for  size  is  very  interesting.  The  peas  are  passed  over  sieves 
or  into  a  revolving  cylinder  having  four  sections,  each  with  different- 
sized  holes.  The  holes  in  the  first  cylinder  are  very  small,  those  of 
the  second  are  a  little  larger,  and  so  on.  The  smallest  peas  are  thus 
separated  out  first.    They  are  the  most  expensive. 

213.  Do  Preservatives  Harm  Foods?  —  Why  go  to  all 
this  trouble  to  preserve  food  by  heating  it  and  keeping  it 
in  air-tight  cans?  Why  not  put  into  the  food  a  small 
amoimt  of  some  chemical,  such  as  borax  or  formaldehyde, 
which  will  destroy  the  germs  and  prevent  natural  decay? 
The  answer  of  science  is  that  such  chemicals  or  preserva- 
tives are  either  poisons,  or  they  keep  our  food  from  di- 
gesting properly.  Food  so  preserved  does  us  little  good, 
but  is  largely  wasted.  In  addition  to  this,  food  of  poor 
quality,  or  sUghtly  rotted,  may  be  treated  with  preserva- 
tives and  then  sold  to  us  as  good  food. 

Children  are  in  great  danger  when  preservatives  are 
used  in  milk,  because  milk  forms  so  large  a  part  of  a 
child's  diet. 

Do  you  think  a  wise  housekeeper  will  consent  to  feed 
her  family  with  food  containing  injurious  chemicals,  or 
to  put  "  acids ''  in  her  canned  goods  just  to  save  herself 
the  trouble  of  canning  or  preserving  food  properly  ? 

214.  Exercises.  —  1.  Give  the  reason  why  some  foods  must  be 
canned  if  you  wish  to  preserve  them. 

2.  Give  three  good  reasons  for  using  the  cold-pack  method  of 
canning. 
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3.  Why  must  you  not  seal  the  can  Ud  tightly,  in  the  oold-pack 
method,  before  you  begin  heating? 

4.  If  a  tin  can  of  tomatoes  bulges  inward,  are  the  tomatoes  likely 
to  be  spoiled?    If  it  bulges  outwards?    Tell  why. 

5.  Why  is  a  "  tin  "  can,  that  is,  a  can  of  iron  covered  with  tin, 
used  instead  of  one  of  iron  alone?  Would  one  covered  with  copper  do 
as  well? 

6.  What  do  you  thiok  of  the  use  of  chemicals  to  preserve  the  color 
of  food,  that  is,  to  keep  peas  green  and  to  redden  canned  cherries? 
What  do  you  think  of  the  use  of  artificial  dyes  in  candies? 

7.  How  does  the  atmosphere's  pressure  help  to  keep  a  glass  fruit 
jar  tightly  sealed? 


PART  V 
HOW  WE  USE   NATURE'S  FORCES 


CHAPTER  XXIII 


THE  MARINER'S  COMPASS 

215.  What  is  a  Magnet?  —  Did  you  ever  have  a  knife 
with  a  magnetized  blade?  If  you  did,  you  will  remember 
how  the  blade  attracted  and  picked  up 
needles,  tacks,  and  other  small  objects 
made  of  iron  or  steel.  Perhaps  you 
have  owned  a  horseshoe  magnet 
(Fig.  124)  ;  this  «>uld  pick  up  a  great 
deal  more  than  the  knife  blade.  Be- 
side these  you  may  have  had  a  pocket 
con^ss,  and  enjoyed  finding  where 
true  north   was,  even  when   the  sun 

was   behind 

clouds,  or 

when   you 

were  in  the      ^ 

,  Pio.  134.— Both  poles 

woods   alter    of  the  magnet  con  pick 

dark      (Fig.    Xj"""''^  °'  '"*"  "' 
125).      The 

compass  is  a  magnet,  like  the 
_        magnetized    knife   blade    and 
ifl  free  to  move,  it  points  toward    the  horseshoe  mMtnet ;  but  it 

the  north.  ,  ,     ,  ,     , 

IS  suspended  or  supported  so 
that  it  can  swing  around  in  the  plane  of  oiu-  horizon. 
What  does  this  mean?     See  §  84. 
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The  compass  used  on  ships  (mariner's  compass ;  Fig. 
126)  is  supported  so  that  it  will  remain  level,  no  matter 

how  much  the  ship  tosses  about  in 
^  "kt    ^^  ^         the  sea. 

\^  •jnVv^I^^  ^yv  Experiment. —  Examine  a  bar  magnet 

and  a  horseshoe  magnet,  and  pick  up  nails 
and  tacks  with  them.  Note  that  a  nail 
which  is  being  held  by  a  magnet  is  itself  a 

-  ^9  yv\/\^  4k «•       roagiiet  and  will  pick  up  other  nails. 

A^^j;  s  J^  1^  Try  picking  up  a  brass  key  with  a  mag- 

*^      ^  net.    Do  you  succeed?    Try  also  the  fol- 

Fio.   126. — The  thirty-     lowing:  a  gold  ring  or  pin;   a  silver  coin; 

^coS  to  which  shi^s  ^;  a  c«PP«^  ^"""^  J  a  ^ckel ;  an  ordinary  pin ;  a 
steered  at  sea.  needle.     Which    are    attracted    by    the 

magnet? 

Magnetize  a  needle  by  bringing  it  near,  or  touching,  a  large  mag- 
net. The  magnet  may  be  either  a  bar  magnet  or  a  horseshoe  mag- 
net. The  best  way  is  to  stroke  the  needle,  from  the  middle  to 
t\  e  point,  with  one  end  of  the  magnet.  Repeat  this  several  times. 
Test  the  end  of  the  needle  which  you  stroked  with  the  larger  mag- 
net; is  it  itself  a  magnet?  Test  the  other  end  of  the  needle;  is  it 
a  magnet,  or  not?  Find  out  how  large  magnets  are  magnetized 
(see  §  226). 

The  bar  of  soft  iron  which  is  laid  against  the  two  ends  of  a  horse- 
shoe magnet  when  the  magnet  is  not  in  use  is  called  an  armature  (pro- 
nounced ar'ma-tiur).    Find  out  why  it  is  used. 

How  did  people  ever  learn  about  magnets  ?  The  ancients 
were  acquainted  with  them,  and  magnets  received  their 
name  from  certain  pieces  of  iron  ore  which  were  found  in 
Magnesia,  in  Asia  Minor.  These  pieces  had  the  pecuUar 
property  of  drawing  small  pieces  of  iron  and  steel  to 
themselves.     Later,  in  England,  such  natural  magnets 
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were  named  lodestones,  from  the  word  "  lode,"  meaning 
a  way  or  path,  that  which  leads. 

We  can  magnetize  a  piece  of  steel, 
such  as  a  knife  blade  or  a  needle,  by 
stroking  it  against  one  of  these  lode- 
stones,  just  as  well  as  against  a  bar 
or  horseshoe  magnet. 

Who  do  you  suppose  it  was  that 
first  suspended  a  magnet  or  lode- 
stone  (Fig.  127),  so  that  it  could 
swing  aroimd  to  tdke  any  position  it 
chose?  Perhaps  he  placed  it  upon 
a  floating  chip  or  plank,  and  was      ^^^'  127.  —  if  »  bar 

,       .  ,      ,    ,  .1        /I       X  •         i_     J        magnet  is  suspended  by  a 

astomsned  to  see  the  noatmg  body   hair  or  by  untwisted  silk, 
turn  about  until  the  magnet  was   Lt-ilJXa^  '""  *° 
lying  in  a  general  north  and  south 
direction.     Whoever  he  was,   this  man    (or   was  it   a 
woman  ?)  of  long  ago  had  discovered  the  principle  of  the 

compass.  The  compass  was 
in  use  long  before  the  time 
of  Columbus. 


i~: 


A 


You   can   make   a   compass  for 
yourself.     Push  a  sewing  or  darn- 
ing needle  through  a  slice  of  a  small 
cork  (Fig.  128),  and  float  the  cork 
and  needle  upon  water  in  a  glass  or 
porcelain  dish  (not  an    iron  one). 
Does  the  floating  body  seem  to   prefer    to    lie    in  any  particular 
direction?    Now  magnetize  the  needle,  and  float  it  upon  the  water; 
what  happens? 


Fig.  128.  —  If  a  needle  is  floated 
upon  water  in  a  glass  or  porcelain 
dish,  and  is  then  magnetized,  it 
turns  until  it  has  a  N-S  position. 
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When  you  face  north;  which  of  your  hands  pomts 
east?  Which  west?  What  gain  was  it  for  sailors  to  be 
able  to  tell  which  direction  was  north?  How  did  it 
affect  the  length  of  then-  voyages  and  their  going 
out  of  sight  of  land?  How,  then,  did  it  afifect  civiUza- 
tion? 

216.  What  are  the  Poles  of  a  Magnet?  —  Magnetize  a 
steel  knitting  needle,  then  lay  it  on  a  sheet  of  paper  and 
sprinkle  iron  filings  over  it.  What  happens  when  you 
lift  the  needle  out  of  the  filings?  To  what  parts  of  the 
magnetized  needle  do  the  filings  cling? 

Make  a  deep  file  mark  at  the  middle  of  your  knitting- 
needle  magnet  and  break  the  needle  into  two  pieces; 
now  put  each  of  the  pieces  into  the  iron  filings.  What 
happens  ?  Do  not  the  two  ends  of  each  half  pick  up  the 
bits  of  iron?  See  Fig.  129.  If  the  steel  needle  were 
broken  into  four,  or  six,  or  any  number  of  pieces,  each 
piece  would  be  a  magnet.  In  each  case  the  ends  would 
attract  the  fiUngs,  but  the  middle  would  not.    We  call 

N  S 

m  (^ 

^,N  S       N  S  N  S       N  S 

<ifc         i»         •  4         »«         m 

FiQ.  129.  —  If  a  magnetised  needle  is  broken  i^to  pieces,  each  piece  is  a 

magnet. 

the  two  ends  of  a  magnet  its  poles.  The  pole  that  would 
point  to  the  north  if  the  magnet  were  suspended,  as  in 
the  compass,  is  called  the  north-seeking,  or  simply,  the 
north  pole,  of  the  magnet ;  the  other  is  called  the  south- 
seeking,  or  simply,  the  south  pole,  of  the  magnet. 
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Bring  an  unmagnetized  knitting  needle  or  knife  blade  near  the 
north  pole  of  the  floating  compass  which  you  have  made  (Fig.  128). 
Is  one  pole  attracted  as  much  as  the  other?  Is  either  pole  repelled? 
Then  find  (how?) 
which  is  the  north 
pole  of  one  of  your 
knitting-needle  mag- 
nets, and  bnng  this 
pole  carefully  near 
the  north  pole  of 
your  floating  com- 
pass. What  happens? 
Bring  the  south  pole 
of  your  knitting- 
needle  magnet  near 
the  south  pole  of  your 
floating  compass. 
What  is  the  result? 
Finally  hold  the 
north  pole  of  one  near 
the  south  pole  of  the 
other  and  see  what 
happens.  What  is 
the  story  told  by 
Fig.  130? 

Is  this  statement  true :  "  In  the  case  of  two  magnets,  the  two  like 
poles  repel  each  other,  but  the  two  unlike  poles  attract  each  other  "  ? 


FiQ.  130.  —  One  of  the  bar  magnets  is  suspended, 
and  the  other  bar  magnet  is  brought  near  it.  What 
happens  ? 


217.  What  is  a  Temporary  Magnet  ?  —  Is  it  true  that 
"  once  a  magnet  always  a  magnet  '^  ?  With  a  bar  magnet 
or  horseshoe  magnet  hold  a  soft-iron  bolt  or  wire,  and 
then  let  the  bar  or  wire  touch  a  heap  of  tacks  or  brads. 
See  how  many  tacks  or  brads  your  magnet  will  hold. 
(Look  back  at  Fig.  124.)     Here  the  soft-iron  bar  or  wire 
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acts  as  a  magnet  and  holds  the  other  iron  objects.  Re< 
move  the  magnet  from  the  bar  or  wire ;  what  happens  ? 
The  soft  iron  does  not  retain  its  magnetic  power,  and  so 
cannot  hold  the  other  objects.  Since  the  soft  iron  will 
not  hold  its  magnetism  when  left  to  itself,  we  call  it  a 
temporaiy  magnet,  that  is,  a  magnet  for  the  time  being 
only.  The  steel  of  a  real,  or  permanent,  magnet  keeps 
its  magnetism  for  a  long  time  unless  it  is  heated ;  in  that 
case  it  also  loses  its  magnetism  rapidly. 

218.  What  is  a  Magnetic  Held?  —  You  have  already 
seen  what  happens  if  you  bring  a  magnet  up  to  the  side  of 
a  compass :  one  end  of  the  compass  needle  turas  toward 


Fig.  131.  —  If  a  magnet  ia  placed  under  a  pane  of  glass,  or  a  sheet  of  paper, 
the  maKoet's  influence  passes  through,  and  each  of  the  bits  of  iron  on  top  of 
the  pane  or  paper  becomes  a  magnet. 

the  magnet,  although  the  two  do  not  touch  each  other. 
Try  it  again.  Also  try  holding  the  magnet  just  above  the 
compass ;  then  below  it.  The  results  are  the  same : 
wherever  you  place  the  magnet,  it  will  affect  the  compass 
needle,  if  the  two  are  not  too  far  apart. 
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Also  carry  out  this  experiment:  Put  a  magnet  under  a  plate  of 
glass  (Fig.  131) ;  then  sprinkle  iron  filings  upon  the  glass,  and  tap  it 
gently.  The  filings  arrange  themselves  end  to  end  in  distinct  curves. 
Why  do  they  do  this  ? 

The  region  around  a  magnet  is  under  the  magnet's  in- 
fluence, or  power,  and  every  magnetic  thing  in  this  region 
is  affected,  whether  it  be  another  magnet,  such  as  a  com- 
pass needle,  or  a  piece  of  steel,  or  iron  filings.  This  in- 
fluence extends  in  all  directions,  but  its  effects  become 
less  and  less  as  we  hold  the  objects  farther  and  farther 
from  the  magnet.  The  space  surrounding  a  magnet  is 
called  the  magnet's  ''  field,"  or  a  magnetic  field. 

219.  Is  the  Earth  a  Magnet  ?  —  We  say  that  a  compass 
points  north  and  south,  but  this  is  true  only  in  a  general 
way.  The  place  in  the  north  to  which  our  compass 
points  is  not  the  geographical  north  pole  of  the  earth,  but 
a  magnetic  pole  located  in  Northern  Canada,  inside  the 
Arctic  Circle.  In  1905  it  was  in  latitude  70°  5'  N.  and  lon- 
gitude 96°  46'  W.  Find  it  on  a  map.  Even  in  the  days  of 
Columbus,  men  in  Europe  knew  that  the  compass  did  not 
point  exactly  north.  As  Columbus  sailed  westward,  he 
discovered  another  thing:  the  direction  of  the  needle 
changes  as  we  go  from  one .  place  to  another.  This 
greatly  frightened  his  sailors,  for  they  thought  they  were 
going  into  regions  from  which  they  could  never  find  their 
way  back  to  their  home. 

Fig.  132  shows  in  a  general  way  how  far  the  compass  direction  is 
from  the  true  north  for  different  parts  of  America.  In  regions  in 
which  there  are  deposits  of  iron  ore,  as  in  Alabama  and  Michigan,  the 
compass  needle  is  drawn  aside  in  an  irregular  way.    The' lines  in  the 
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figure  do  not  show  this.  So  we  see  that  the  compass  cannot  tell  us  true 
north  at  any  place,  unless  we  know  how  far  it  points  east  or  west  of 
true  north  at  that  place.  This  difference  is  called  the  declination  of 
the  compass. 

If  you  were  in  Greenland,  in  what  direction  would  the  compass 
point?    If  you  were  in  Alaska?    At  the  north  pole? 


Fig.  132.  —  The  lines  show  the  direction  in  which  a  compass  needle  points 
in  the  Western  Hemisphere  and  in  the  oceans  that  wash  its  shores.  Thus,  at 
any  point  of  the  line  cutting  off  the  eastern  corner  of  Brazil  and  marked  10, 
the  compass  will  point  10°  west  of  true  north. 


220.  How  Can  We  Find  the  Earth's  Magnetic  Poles  ? 

—  How  do  you  suppose  men  found  where  the  magnetic 
pole  north  of  us  is  located?    If  we  balance  a  knitting 
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needle  nicely  and  support  it  (Fig.  133)  so  that  it  can  swing 
in  an  up  and  down,  or  vertical,  circle  instead  of  in  a  hori- 
zontal circle,  and  if  we  then  magnetize  the  needle,  we 
shall  find  that  its  north  pole 
dips  more  and  more  as  we 
take  it  farther  north,  until 
a  place  is  reached  at  which 
it  stands  vertical ;  the  needle 
is  then  over  the  earth's  north 
magnetic  pole.  In  the  South- 
em  Hemisphere  there  is  also 
a  place  where  the  needle  be- 
comes vertical,  but  here  the 
south  pole  of  the  needle 
points  downward.  Such  a 
needle  is  called  a  dipping 
needle. 

Does  it  seem  strange  that 
our  earth  is  a  great  magnet  ?  Do  you  suppose  it  is  the 
magnetic  force  of  the  earth  that  has  magnetized  the 
natural  "  lodestones  "? 

221.  Exercises.—  1.  Pass  a  magnet  through  some  dry  sand;  do 
you  get  any  evidence  that  the  sand  contains  iron  particles  ? 

2.  In  what  ways  could  a  ship  which  was  out  of  sight  of  land  be 
steered  in  the  right  direction  on  a  bright  day?  On  a  bright  night? 
On  a  cloudy  night? 

3.  How  does  a  compass  needle  behave  if  brought  near  a  large  body 
of  iron,  such  as  a  stove?  How  would  a  dipping  needle  behave  if 
brought  over  such  a  body  of  iron  ? 

4.  If  you  hold  the  north-seeking  pole  of  a  bar  magnet  near  the 
north-seeking  pole  of  a  compass,  is  that  end  of  the  compass  needle 


Fig.  133.  —  The  dipping  needle 
points  downward  toward  the  earth's 
magnetic  pole.  The  nearer  it  is  to 
the  pole^  the  more  nearly  vertical  its 
position  is.  How  does  it  behave 
when  brought  over  a  large  magnet? 
Try  it. 
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attracted,  or  repelled?    Tell,  then,  how  you  can  find  out,  without 
suspending  the  bar  magnet,  which  of  its  ends  is  north-seeking.    Try  it. 

5.  Can  a  compass  be  depended  upon  absolutely  to  give  the  con*ect 
directions? 

6.  How  would  you  describe  the  magnetic  field  about  a  magnet? 
Is  it  flat  (a  plane)  or  does  it  extend  in  all  directions? 

Summary.  —  Iron  and  steel  are  magnetic :  they  are  attracted  by 
magnets.  Soft  iron  forms  a  temporary  magnet,  while  it  is  near  another 
magnet.    Steel  can  be  magnetized  permanently. 

Lodestones  are  natural  magnets.  All  magnets,  whether  natural 
or  artificial,  take  a  general  north-and-south  position  when  free  to  move. 

A  magnet  has  a  north-seeking  and  a  south-seeking  pole.  When  a 
magnet  is  broken  in  two  or  more  pieces,  each  piece  is  a  magnet. 

A  magnetic  field  is  the  region  surrounding  a  magnet,  in  which  a 
magnetic  body  becomes  magnetized. 

The  earth  is  a  great  magnet,  with  a  north-magnetic  and  a  south- 
magnetic  pole.  Compass  needles  point  toward  these  poles,  except  as 
they  are  interfered  with  by  other  magnetic  fields. 

A  dipping  needle  is  a  magnet  that  can  move  in  a  vertical  direction. 


CHAPTER  XXIV 

FIRST  THINGS  ABOUT  ELECTRICITY 

222.  Electric  Magic.  —  Have  you  ever  held  a  sheet  of 
writing  paper  up  against  a  smooth  wall,  on  some  cold 
wmter's  night,  and  rubbed  the  paper  with  a  woolen  cloth 
or  with  a  silk  handkerchief  ?  Try  it.  You  will  find  that 
the  paper  is  attracted  by  the  wall,  and  does  not  fall  when 
you  let  go  of  it.  If  you  pull  the  paper  away,  it  will  be 
drawn  back.  Why  is  the  paper  attracted  after  being 
rubbed  ? 

Comb  your  hair  rapidly  with  a  rubber  comb,  or  rub 
the  comb  briskly  with  a  woolen  cloth  or  with  fur ;  then 
bring  the  comb  near  bits  of  paper,  cloth,  or  cork.  What 
happens  ?    Can  you  tell  why  ? 

Have  you  ever  seen  amber  beads  ?  Amber  was  once  a 
gimi  that  was  produced  by  trees,  but  ages  ago  it  hardened 
and  so  was  preserved  for  us.  It  is  a  fossil  gum  (see  §  147) . 
Sometimes  the  amber  contains  the  remains  of  insects  that 
were  caught  in  the  gum  while  it  was  yet  soft  and  sticky 
(Fig.  134).  The  ancient  Greeks  were  observing  enough 
to  know  that  after  amber  had  been  rubbed  with  a  cloth 
it  would  attract  small  bodies,  such  as  bits  of  wood,  paper, 
and  cloth.  They  called  amber  "  electron  ''  (6-16k'tr6n) ; 
so  this  power  of  rubbed  amber  to  attract  bodies  came  ; 
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to   be  called  electridQr.     We  say  the  amber  becomes 
"charged  with,"  that  is,  loaded  with,  electricity. 


If  a  t^aaa  rod  is  rubbed  with  silk  cloth,  both  the  rod  and  the  sUk 
will  attract  light  bodies,  such  as  paper,  cork,  and  cloth  (Pig.  135). 
This  experiment  succeeds  beist  in  dry,  cold  weather,  as  during  a  "  cold 
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wave/'    Instead  of  the  rod  of  glass  you  can  use  a  long,  slender,  glass 
bottle. 

You  can  also  use  a  pane  of  glass  instead  of  the  glass  rod.  Raise  the 
pane  of  glass  up  from  the  table  by  placing  it  over  two  books,  as  in 
Fig.  136,  and  rub  the  glass 
with  a  silk  cloth.  Bits  of 
cork  or  paper  placed  under 
the  glass  are  set  in  motion  by 
the  charged  glass. 

Rub  a  stick  of  sealing  wax, 
or  a  rubber  comb,  with  some         Fia.  136.  —  When  the  upper  surface  of 

flannel,    wool,  or  fur.     Elec-      ^^  P^ne  of  glass  is  rubbed,  it  becomes 
,..,.,,,  ,        ,       T.       charged,  and  objects  under  it  are  affected 

tncity  will  be  produced.    It     by  the  charge, 
has  been  found  that  any  two 

unlike  substances,  when  rubbed  together,  become  charged ;  part  of  the 
muscular  energy  you  use  up  in  the  rubbing  is  changed  into  electricity. 
You  can  charge  your  own  body  by  dragging  your  feet  across  a 
heavy  carpet.  Try  it,  and  then  bring  a  finger  tip  near  a  gas  or  electric 
light  fixture.    What  happens? 

223.  Are  AU  Electric  Charges  Alike?  —  Have  you 
asked  yourself  whether  the  electric  charges  produced  on 
glass,  rubber,  silk,  paper,  sealing  wax,  wool,  and  amber 
are  all  alike?  In  the  case  of  magnets  we  learned  that 
one  pole  is  north-seeking  and  the  other  is  south-seeking, 
and  that  either  pole  will  attract  bodies  of  iron  or  steel. 
We  also  learned  that  while  the  north  pole  of  one  magnet 
will  attract  the  south  pole  of  another  magnet,  the  north 
poles  of  two  magnets  will  repel  each  other,  and  the  south 
poles  of  two  magnets  will  also  repel  each  other.  Can  we 
find  out  whether  there  is  some  such  difference  between 
electric  charges  as  between  the  two  poles  of  a  magnet? 
How  shall  we  go  about  finding  the  answer  ? 
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In  Fig.  137  we  have  a  picture  of  a  glass  rod  that  is  sup- 
ported in  a  paper  stirrup  hung  by  a  double  silk  thread. 

If  you  bring  your  finger  near  the  rod,  the 
rod  is  neither  drawn  toward  your  finger 
nor  pushed  away  from  it.  Now  charge 
one  end  of  the  glass  rod  by  rubbing  it  with 
silk  or  woolen  cloth,  hang  it  in  the  stirrup, 
and  bring  your  finger  near  the  charged 
end.  You  will  find  that  the  rod  now 
turns  toward  your  finger. 

If  you  use  a  charged  stick  of  sealing 
wax  or  rubber  instead  of  the  glass,  it  will 
behave  in  the  same  way.     It  seems  that  a 
charged  body  is  attracted  by  one  that  is 
not  charged.    When  you  bring  a  compass 
near  an  iron  stove,  does  not  the  stove  at- 
tract one  pole  as  well  as  the  other  ?   Try  it. 
Observe  the  rubbed  rods  of  glass  and  sealing  wax  care- 
fully, as  they  swing  in  their  stirrups;   do  they  seem  to 
choose  a  north  and  south  position  as  a  magnet  does? 

Note.  —  When  you  wish  to  get  a  charged  body  into  an  unchained 
condition,  that  is,  to  discharge  it,  you  need  only  pass  it  through  your 
hand. 


Fig.  137.  —  If 
you  bring  your 
finger,  or  a  ruler, 
or  any  uncharged 
object,  near  the 
charged  suspended 
rod,  the  rod  will 
turn  toward  the 
object. 


Prepare  two  stirrups  and  threads  as  in  Fig.  138,  hang 
a  rubbed  glass  rod  in  each  stirrup,  and  bring  the  rubbed 
ends  near  each  other.  Do  they  attract,  or  repel,  each 
other?  Try  the  same  thing  with  two  rubbed  rods  of 
sealing  wax  or  rubber.  What  happens  ?  Do  the  experi- 
ment with  one  rubbed  glass  rod  and  one  rubbed  rod  of 
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sealing  wax  or  rubber.    Do  these  two  attract,  or  repel, 
each  other? 

Do  you  think  that  the  charge  produced  on  the  glass  is 
the  same  as  that  on  the  sealing  wax  or  rubber?  We  call 
the  charge  formed  on  the 
glass  a  positive  chai^,  and 
mark  it  with  a  phis  sign 
(+)  ;  the  charge  formed  on 
sealing  wax  or  rubber  we  call 
negative,  and  mark  it  with  a 
minus  sign  (— ).  When  we 
test  the  charges  produced  on 
other  bodies  that  are  rubbed 
together,  we  find  that  they 
are  like  either  the  one  or 
the  other  of  these  two. 

Is  this  statement  true :  '*  Two  bodies  having  unlike 
electric  charges  attract  each  other ;  two  with  like  charges 

repel  each  other  "  ? 


Fig.  138.  —  When  the  charged  ends 
of  the  two  glass  rods,  having  the 
same  kind  of  electric  charge,  are 
brought  near  each  other,  they  repel 
each  other. 


Fig.  139.  —  An  electric,  pen- 
dulum, consisting  of  a  ball  of 
cork,  pith,  or  dry  paper,  sus- 
pended by  a  dry  silk  thread. 


In  Fig.  139  we  have  a  picture  of  a 
stand  that  may  be  used  to  hold  a  tiny 
ball  of  some  such  material  as  cork,  pith 
from  a  dry  stem  of  burdock  or  cornstalk, 
or  simply  wadded,  dry  paper.  The  ball 
is  tied  to  the  stand  by  means  of  a  dry 
silk  thread.  We  call  such  an  apparatus 
an  "  electric  pendulum  "  ;  why?  You 
can  work  just  as  well  with  a  gas  —  or 
electric  -=-  light  fixture  for  the  support. 

Rub  a  glass  rod  (or  slender  bottle) 
with  a  pad  made  of  silk,  and  bring  the 
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rubbed  part  of  the  rod  near  the  hanging  ball.    What  happens?    At 

first  the  ball  is  attracted  by  the  rod ;  then  it  flies  off  and  is  repelled,  as 

shown  in  the  left  por- 
tion of  Fig.  140.  The 
right-hand  portion  of 
the  figure  shows  a  stick 
of  sealing  wax  that  has 
been  rubbed  with  wool. 
At  first  the  ball  was 
attracted;  then  it  was 
repelled,  just  as  in  the 
case  of  the  glass  rod. 

Hang  two  pith  balls 
near  each  other,  as  in 
Fig.  140.  Be  sure  to 
discharge  each  by 
holding  it  for  an  in- 
stant in  your  hand, 
and  then  charge  each 

ball  from  the  rubbed  glass  rod.    Do  the  balls  now  attract,  or  repel, 

each  other?    Why? 


FiQ.  140.  —  Each  pith  ball  is  first  attracted  by 
the  rod,  and  then  repelled,  as  it  becomes  charged 
by  the  rod.  Like  charges  on  objects  that  are  free 
to  move  cause  them  to  repel  each  other. 


224.  How  Does  a  Lightning  Rod  Protect  a  House  ?  — 

As  we  have  learned  before  (see  §§2  and  80),  Benjamin 
FrankUn  was  the  first  man  to  find  out  that  the  sparks 
obtained  from  the  atmosphere  during  a  thunderstorm 
are  exactly  like  those  we  get  when  we  rub  two  different 
materials  together.  Franklin  also  made  the  first  lightning 
rods  to  protect  houses. 

In  a  dark  room  hold  your  finger  near  a  charged  rod  of 
glass  or  sealing  wax,  or  a  charged  rubber  comb,  and  see  if 
sparks  do  not  pass  between  your  finger  and  the  rod.  Men 
have  studied  the  passage  of  sparks  from  objects  of  dif- 


FIRST    THINGS   ABOUT  ELECTRICITY  249 

f erent  shapes  and  have  found  that  the  charge  of  electricity 
flies  off  from  the  points  of  an  object  far  more  easily  than 
from  parts  which  are  blunt  or  rounded. 

When  two  charged  clouds  come  near  each  other,  the 
strain  in  the  air  between  them  may  become  so  great  that  a 
powerful  spark  passes  from  the  one  to  the  other.  If  a 
charge  passes  between  a  cloud  and  the  earth,  we  say  that 
the  Ughtning  *'  strikes.''  As  a  cloud  charged  with  one 
kind  of  electric  charge  passes  over  a  house,  it  draws  a 
charge  of  the  opposite  kind  to  the  roof  and  chimneys  of 
the  house.  If  the  strain  becomes  too  great,  the  charge 
passes  between  the  cloud  and  the  house.  But  if  there 
are  metal  rods  on  the  housetop,  the  electricity  streams  off 
from  the  rods  to  the  cloud  above,  instead  of  leaving  all  at 
once  in  a  large  spark.     As  a  result  the  house  is  not  struck. 

All  the  metal  points  on  a  housetop  should  be  connected  to  the  rod 
that  goes  to  the  ground,  and  this  rod  should  go,  not  merely  to  the 
surface  of  the  ground,  but  down  to  a  depth  at  which  the  ground  is 
always  moist,  so  that  the  charge  can  pass  freely  from  the  ground  to 
the  rod. 

Do  you  think  that  the  leaves  of  trees  might  act  as  lightning  rods 
for  the  trees?  What  an  amount  of  thinking  and  experimenting  those 
ancient  Greeks  started  when  they  rubbed  amber  with  cloth ! 

225.  Where  Does  an  Electric  Current  Come  From  ?  — 

When  early  man  came  into  his  dark  den  or  house,  he  ex- 
pected not  to  be  able  to  see  until  daylight  returned. 
But  when  we  come  home  in  the  dark,  we  press  a  button 
and  fill  our  house  with  a  flood  of  light. 

What  do  we  pass  into  an  electric  lamp  to  get  light  from 
it?    "  Electricity,''  you  say.    Yet  it  is  not  the  form  of 
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electricity  produced  by  rubbing  or  friction  that  we  use, 
but  an  electric  current.  This  current  does  not  juat 
"  happen  "  to  be  in  the  house,  but  comes  to  us  from  acme 
distance,  perhaps  from  many  miles  away.  If  you  trace 
the  wires  far  enough,  you  will  come  to  fi  power  house 


(Fig.  141),  in  which  powerful  engines  run  by  steam,  or  by 
ri^hing -water,  or  by  gasoline,  are  turning  a  machine  we 
call  a  dynamo  (dr'nS-mo).  In  the  dynamo  the  rapid  mo- 
tion of  the  engine  is  changed  into  an  electric  current. 
With  this  current,  as  you  know,  we  not  only  light  our 
houses  and  streets,  but  we  run  electric  washing  machines, 
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sewing    machines,    trolley    cars,    motor    cars,    vacuum 
cleaners,  and  do  a  multitude  of  other  things  besides. 

How  did  men  first  learn  about  electric  currents  ? 

While  men  have  known  about  magnets  for  centuries, 
and  have  also  known  about  the  effect  of  rubbing  amber, 
glass,  and  other  materials  with  cloth  or  fur,  they  did  not 
learn  about  electric  currents  at  all  until  a  little  over  one 
himdred  years  ago.  It  was  not  until  1786  that  Galvani, 
an  Italian,  accidentally  discovered  some  effects  of  electric 
currents ;  and  not  until  1800  that  Volta,  also  an  Italian, 
invented  a  simple  electric  cell  for  producing  currents  of 
electricity.  The  words  "  galvanic  "  and  "  galvanize  " 
come  from  Galvani's  name ;  the  words  "  voltaic  ''  and 
"  volt ''  come  from  Volta.  Have  you  ever 
heard  these  words  used  ? 

You  can  make  a  simple  cell,  like  the  one  made 
by  Volta  (see  Fig.  142). 

Cut  two  strips  of  sheet  metal,  one  of 'zinc  and 
one  of  copper,  each  about  one  inch  wide  and  4  inches 
long.  With  a  sharp  nail  make  a  hole  near  the  end 
of  each  strip,  and  put  through  the  hole  one  end  of 
a  piece  of  bare  copper  wire  about  6  inches  long. 

Bend  the  part  of  the  wire  that  is  through  the  hole,       p^^   ^^^  The 

and  with  a  hammer  flatten  the  wire  tightly  against    simple  voltaic  cell 
the  strip.    Then  tack  the  strips  of  zinc  and  copper    ("onsists     of    two 

..        .J  *   J.1       v  1     1  i_  •      j.T_       metals,  a   solution 

on  opposite  sides  of  the  block,  as  shown  in  the    containing  an  acid, 

figure.    The  block  should  be  long  enough  to  reach    and  wires  by  which 

across  the  top  of  the  glass,  so  that  the  metal  strips    }^^  "^®^*1«  ^^y  ^ 

1  .     A.      1  joined, 

can  hang  m  the  glass. 

Now  lay  the  metal  strips  aside  while  you  put  into  the  glass  some 

dilute  sulphuric  acid.    If  you  have  the  concentrated  acid,  slowly 

pour  about  two  tablespoons  of  it  into  a  glass  which  is  about  three 
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fourths  full  of  water.    When  we  dilute  sulphuric  acid,  we  always  pour 
the  concentrated  acid  into  the  water,  never  the  water  into  the  acid. 

•This  is  to  avoid  the  danger  of  spattering 
/^   Y^    ""A — X"*^^      ^^^  ^cid  into  our  eyes. 
'"*^    U     u  _i  Finally  put  the  block  across  the  top  of 

the  glass,  so  that  the  strips  of  metal  hang 
in  the  dilute  acid.  Join  the  two  wires, 
and  look  carefully  for  any  change.  This 
arrangement  of  two  strips  of  metal,  the 
wires,  and  the  dilute  acid  make  up  a 
simple  cell.  Fig.  143  shows  a  carbon  cell, 
with  carbon  in  place  of  copper.  After  the 
simple  cell  has  been  used  for  a  minute  or 
two,  its  current  may  become  weak.  If  you 
need  the  cell  for  a  longer  time,  remove  the 
metal  sheets  and  wash  them  with  water ; 
then  put  them  back  into  the  dilute  acid. 

If  your  simple  cell  is  too  weak  to  give 
good  results,  put  into  the  dilute  sulphuric 
acid  about  two  teaspoonfuls  of  a  saturated 
solution  of  potassium  dichromate,  and 
perform  the  experiments  again. 


Fig.  143.  —  The  current 
travels  from  the  zinc  to  the 
carbon  through  the  liquid, 
but  from  carbon  to  zinc  out- 
side of  the  liquid.  la  the 
circuit  complete? 


You  know  that  when  zinc  and  dilute  sulphuric  acid 
are  brought  together,  hydrogen  is  formed,  and  the  zinc  is 
gradually  "  eaten  up  ''  by  the  acid.  See  §  114.  Some 
heat  is  also  produced  in  the  action.  In  the  simple  cell 
the  zinc  is  used  up  as  before,  and  will  disappear  in  time. 
But  while  the  action  is  going  on  we  get  a  current  of  elec- 
tricity. Fig.  143  shows  the  direction  of  the  current  in  the 
cell ;  it  passes  through  the  solution  from  the  zinc  to  the 
copper,  or  carbon,  plate;  then  through  the  connecting 
wire  from  the  copper  (or  carbon)  back  to  the  zinc. 

Do  you  wish  to  *'  taste  "  the  current?    You  can  do  so 
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by  separating  the  two  connecting  wires,  and  holding  the 
ends  to  your  tongue.  There  is  a  sharp,  prickly  sensation 
as  the  current  passes  through  your  tongue. 

226.  Can  We  Make  a  Magnet  from  a  Current  ?  —  Do 
you  suppose  that  an  electric  current  has  any  effect  upon  a 
magnet  ?  Fasten 
the  two  wires  of 
your  simple  cell 
together,  and  hold 
them  so  that  the 
current  passes 
parallel  with  a 
compass  needle 
(see  Fig.  144). 
Does  the  needle 
remain  in  a  north- 
south      position  ? 

Hold  the  wire  in  several  positions  over  the  needle ;  what 
happens  ?  Does  this  show  that  a  wire  carrying  a  current 
is  surrounded  by  a  magnetic  field  ? 

What  do  you  think  would  happen  if  you  passed  a  cur- 
rent around  an  unmagnetized  knitting  needle?  Do  you 
think  it  would  become  magnetized,  as  it  was  when  it  was 
brought  near  another  magnet?  Try  to  answer  your 
question  in  some  such  way  as  this  (see  Fig.  145) : 

Take  a  piece  of  covered  (insulated)  copper  wire  about  a  yard  long, 
and  remove  about  half  an  inch  of  the  covering  at  each  end.  Wind  as 
many  turns  as  possible  of  the  wire  about  a  piece  of  glass  tubing,  or  a 
pencil,  about  6  inches  long.  When  you  remove  the  tubing  or  pencil, 
you  will  have  a  coil  of  wire.    Inside  the  coil  place  an  unmagnetized 


To  battery 

FiQ.  144.  —  When  wire  carrying  a  current  is 
brought  near  a  compass  or  a  suspended  magnet  the 
needle  is  turned  from  its  N-S  position  because  of 
the  magnetic  field  around  the  wire. 
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knitting  needle,  and  connect  the  bare  ends  of  the  wire  coil  with  the 
ends  of  the  wires  of  your  simple  cell.    After  a  few  minutes  take  the 

needle  out,  and  test  it  to  find  out 
if  it  is  a  magnet.  If  your  current 
is  not  strong  enough,  use  a  dry  cell, 
such  as  is  used  in  ringing  a  doorbell. 
Hold  some  fine  iron  filings  against 
a  bare  wire  that  is  carrying  a  cur- 
rent from  a  dry  cell ;  does  the  wire 
attract  any  of  them?  Is  a  wire 
carrying  a  current  a  magnet,  or 
not? 

no.  145.  -  When  a  steel  wire  or  227.    HOW  DoCS  a  Dry  CcU 

needle  is  placed  within  a  coil  of  wire       GivC   E  CUTTeilt  ? Examine 

carrying  a  current,  the  steel  is  mag-  •%     i    j%      t.i-    i^a  j 

iietized.  ^  pocket  flashlight  and  see 

what  produces  the  current. 
You  will  find  it  is  a  small  cell  in  a  zinc  case.  It  is  a  dry 
cell,  like  those  used  to  ring  doorbells. 

You  can  see  that  the  simple  cell  made  by  Volta  would 
be  very  inconvenient  to  carry  about;  it  also  wears  out 
very  soon.  A  cell  which  contains  a  substance  called  sal 
ammoniac  (sal  a-mon'I-ak)  is  in  common  use  (Fig.  146). 
The  zinc  acts  with  the  sal  ammoniac,  and  part  of  the 
energy  of  the  action  appears  as  an  electric  current.  In 
one  form  of  cell  the  sal  ammoniac  is  in  solution ;  another 
form  is  the  so-called  ''  dry  cell.''  Sal  ammoniac  is  the  old 
name  for  a  white  soUd  which  the  chemist  calls  ammoniimi 
chloride.  If  we  put  into  the  sal  ammoniac  solution  a 
stick  of  zinc,  and  a  plate  made  of  a  mixture  of  carbon  and 
manganese  dioxide,  and  connect  the  two  plates  with  wire, 
we  get  a  current.     Set  up  such  a  cell,  if  possible,  and  test 
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its  current.  The  stick  of  zinc  wears  out  after  a  while, 
and  a  new  one  must  be  put  into  its  place.  This  cell  is 
used    m    ringing 

telephones      and  ^      j^ 

doorbells,  as  it 
gives  a  strong  cur- 
rent for  a  short 
time.  Is  it  a  good 
plan  to  push  the 
button  of  a  door- 
bell for  a  long 
time? 

The  liquid  form 
of  sal  ammoniac 
cell  is  kept  m  a 
glass  jar,  but  a  dry- 
cell  has  a  jar  of.  zinc,  the  inside  of  which  acts  as  the  zinc 
plate.  A  stick  of  carbon  is  put  in  the  middle  of  the  jar, 
and  the  space  between  the  carbon  and  zinc  is  filled  with 
a  paste  made  of  sal  ammoniac,  manganese  dioxide,  char- 
coal, and  water  (Fig.  146).  The  top  of  this  cell  is  tightly 
closed,  so  that  the  water  cannot  evaporate.  Is  it  really 
a  "dry ''cell? 

What  is  a  Battery?  —  It  is  several  cells  connected  together.  Ex- 
amine a  battery  of  two  or  more  cells.  You  will  see  that  there  are  two 
ways  in  which  you  can  connect  them.  One  way  is  to  join  all  the  zinc 
plates  to  one  wire  and  all  the  carbon  (or  copper)  plates  to  another  wire. 
The  cells  are  then  connected  "  in  parallel."  By  connecting  these 
wires  together  we  make,  or  close,  the  circuit.  Another  way  is  to 
connect  the  zinc  of  one  cell  with  the  carbon  of  the  next  cell.  The  cells 
are  then  said  to  be  connected  "  in  series." 


Fig.  146.  —  The  larger  cell  has  a  solution  of  sal 
ammoniac,  a  stick  of  sine,  and  a  hollow  cylinder  of 
carbon.     The  smaller  cell  is  a  "dry"  cell. 
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What  is  a  Storage  Batter;  ?  —  niiat  kind  of  cell  is  used  to  propel 
an  electric  automobile,  or  to  produce  the  spark  that  is  needed  to  ex- 
plode the  mixture  of  gasoline  vapor  and  air  in  an  ordinary  automobile? 
It  is  not  a  "  simple  "  cell,  nor  is  it  a  "  sal  ammoniac  "  cell ;  it  is  a 
storage  cell.    Several  are  generally  used, 
forming  a  stwage  battery  (F^.  147). 

A  simple  stoiage  cell  consists  of  two 
plates  of  lead  hung  in  dilute  sulphuric 
acid.  What  change  takes  place  when 
we  pass  a  current  of  sufficient  strength 
through  dilute  sulphuric  acid?  Read 
.{  112.  We  obtain  hydrogen  and  oxygen, 
do  we  not  ?  The  same  change  takes  place 
when  we  pass  a  current  through  the 
simple  storage  cell,  or  the  storage  bat- 
tery ;  but  only  the  hydrogen  is  set  free, 
Fio.  147.  —  A  Btonwe  cell  is  "hile  the  oxygen  combines  with  the  lead 
charged  by  a  current.    When    to  form  a  dark  substance  called  lead  per- 

the  charging  current  iB  re-  „jj^  (^^  g  ggj^  ^yg  jg  ^f^^^  happens 
moved,  the  storage  cell  may  ,7  ,  , 

itself  be  used  to  gives  current,  when  we  charge  the  battery.  After 
the  battery  has  been  charged,  we  can  use 
it  as  a  source  of  electricity,  as  we  can  any  other  fonn  of  battery.  We 
have  only  to  complete  the  circuit.  The  lead  peroxide  then  loses  some 
of  its  oxygen.  As  the  change  takes  place,  energy  is  set  free,  and  ap- 
pears as  an  electric  current.  So  we  do  not  really  store  the  electricity 
at  all,  but  we  change  it  to  chemical  enei^  and  store  that.  Then, 
when  we  wish  to  use  electricity,  we  chaise  the  stored  chemical  energy 
back  into  electricity  {see  S|  104  and  237). 

228.  Why  are  Electric  Wires  Covered  ?  —  Do    you 

suppose  that  if  we  use  a  cord  of  cotton,  linen,  or  silk,  in- 
stead of  a  copper  wire,  the  current  will  pass  through  the 
cord?  No,  it  will  not;  neither  will  a  piece  of  wood,  of 
rubber,  or  of  glass  carry  the  current.  We  may  thus  divide 
substances  into  two  classes.    Those  which  conduct  the 
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current  easily  are  called  conductors ;  those  which  will  not 
carry  it,  or  will  carry  it  with  great  difficulty,  are  called 
nonconductors.  A  nonconductor  is  also  called  an 
insulator  (In'su-la'tfir).  Why  does  it  get  this  name? 
Insula  is  the  Latin  for  "  island."  An  island  is  cut  off 
from  the  mainland  by  water ;  in  a  similar  way  a  metal 
wire  is  cut  off  from  siurounding  objects  by  a  covering  of 
nonconducting  materials^  or  by  insulation.  Rubber,  silk, 
linen,  and  wax  are  examples  of  insulators.  The  laws 
compel  builders  to  see  to.  it  that  the  wires  used  to  carry 
the  current  into  our  houses  are  carefully  insulated.  When 
the  wires  pass  through  a  board,  they  are  put  through 
porcelain  tubes,  or  thick  tubes  of  other  insulating  material. 
In  most  modern  buildings  the  wires  are  not  only  insulated, 
but  they  are  carried  in  metal  tubes,  or  conduits  (cSn'dlts), 
throughout  the  building.  Such  tubes  makle  the  wiring 
of  a  house  safe ;  because  they  prevent  the  insulation  from 
V  being  worn  off  by  handling,  or  eaten  by  mice.  Why  is  it 
dangerous  to  leave  a  "  live  wire  "  in  contact  with  wood? 
How  is  it  dangerous  to  life?     Read  §§  234  and  258. 

229.  Exercises. —  1.  Did  you  ever  experience  a  shock  when 
stroking  a  cat's  fur  in  cold  weather?    What  caused  it? 

2.  When  you  brush  your  hair  vigorously  in  cold  weather,  it  often 
"  fluffs  out,"  showing  that  the  hairs  are  repelling  one  another.    Why? 

3.  Is  it  safe  to  stand  under  a  tree  in  a  thunderstorm?    Why? 

4.  Can  you  think  of  some  way  of  finding  out  whether,  or  not,  a 
charge  is  produced  on  the  silk  pad  with  which  we  rub  a  glass  rod  to 
electrify  it? 

5.  Hold  a  smooth  wooden  ruler  in  your  hand,  using  a  woolen 
mitten,  and  rub  it  with  another  mitten.  Can  you  prove  that  a  charge 
is  formed  on  the  ruler? 
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6.  Gret  some  pith  from  the  thick  part  of  the  stem  of  a  dry  burdock 
or  cornstalk,  and  make  an  electric  pendulum.  Why  is  the  pith  ball 
first  attracted  by  a  rubbed  glass  rod,  and  then  repelled? 

7.  What  kind  of  battery  is  there  in  a  gasoline  automobile?  What 
is  it  used  for?  What  charged  it  in  the  first  place?  What  keeps  it 
charged? 

8.  Examine  a  ''  dry  cell  "  that  has  been  used  up,  take  it  apart,  and 
tell  how  it  is  made. 

9.  How  are  the  cells  that  ring  your  doorbell  connected,  in  series, 
or  in  parallel?    See  §  227. 

Summaiy.  —  The  name  electricity  comes  from  electron,  meaning 
"  amber." 

Electric  charges  can  be  developed  upon  dry  wood,  glass,  rubber, 
sealing  wax,  and  even  upon  metals,  by  rubbing  them  with  silk,  wool, 
or  fur ;  but  the  charges  will  not  remain  unless  the  bodies  rubbed  to- 
gether are  all  insulated,  or  electrically  separated,  from  the  earth. 

Electric  charges  are  of  two  Mnds :  positive,  and  negative. 

A  charged  body  attracts  one  that  is  not  charged,  also  one  charged 
with  electricity  of  the  opposite  sign. 

When  a  charged  body  gives  enough  of  its  own  charge  to  an  un- 
charged body,  the  two  repel  one  another. 

Charges  of  the  same  kind  repel  each  other. 

You  can  discharge  a  body  having  a  small  charge  by  holding  it  in 
your  hand. 

Lightning  is  an  electric  charge  collected  on  a  cloud  or  on  the  earth 
under  the  cloud.  A  metal  rod  carries  off  the  charge  from  a  house  in 
a  fine  stream,  and  protects  the  house  from  a  violent  discharge. 

Electric  currents  are  usually  produced  by  cells  or  by  dynamos.  A 
cell  consists  of  two  different  materials,  such  as  zinc  and  copper,  and  a 
solution  that  acts  upon  one  more  than  upon  the  other. 

The  region  near  a  wire  carrying  a  current  is  a  magnetic  field. 

A  dry  cell  has  the  needed  materials  in  a  closed  zinc  can,  to  prevent 
spilling  and  evaporation. 

A  battery  is  a  group  of  connected  cells. 
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A  storage  iMitteiy  consists  of  cells  into  which  an  electric  current 
can  be  passed  to  produce  a  chemical  change,  and  from  which  the 
current  can  be  obtained  when  the  change  is  allowed  to  undo  itself. 

ELectric  wires  are  covered  to  Insulate  them,  or  separate  them  from 
other  conductors.     Insulators  are  nonconductors. 

In  our  houses  electric  wires  should  not  only  be  insulated,  but  kept 
in  metal  conduits. 


y 


CHAPTER  XXV 

HOW  MAN  USES  ELECTRICITY 

230.  WhatisanElectronmgnet?  —  Have  you  ever  seen 
men  handle  a  great  heap  or  carload  of  scrap  iron?  Such 
iron  is  valuable  because  it  ca;n  be  used  in  making  steel; 


FiQ.  148.  —  The  magnetic  c 
picks  up  scrap  iron,  pig  iron,  a[ 
wherever  they  are  wanted. 


but  it  is  made  up  of  pieces  of  all  shapes  and  sizes,  and  is 
very  hard  to  handle.  Do  you  know  the  modem  way  of 
loading  or  unloading  scrap  iron?  Instead  of  picking  it 
up,  piece  by  piece,  men  use  a  great  steel  ann,  called  a 
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crane^  at  the  end  df  which  there  is  a  powerful  magnet. 
The  pieces  of  iron,  big  and  little,  are  attracted  by  the 
magnet  and  lifted  out  of  the  heap.  All  sorts  of  iron  and 
steel  objects,  if  not  too  large,  can  be  handled  in  the  same 
way  (Fig.  148). 

You  can  see  readily  that  we  might  get  a  horseshoe  or  bar 
magnet  large  enough  to  pick  up  the  iron  or  steel  object ; 
but  how  can  we 
make  the  magnet 
drop  its  load  at 
the  right  time  and 
place?  We  must 
have  some  way  of 
causing  the  mag- 
net to  lose  its 
magnetism  in- 
stantly. We  can 
do  this  if  we  use 
an  electromagnet 
(Fig.  149). 

You  will  re- 
member that  when 
a  metal  wire  is 
carrying  a  current 
of  electricity,  and 
it  is  held  over  a 

compass,  it  causes  the  compass  needle  to  change  its  posi- 
tion. If  the  wire  is  carrying  a  strong  enough  current,  it 
will  pick  up  iron  or  steel  filings  just  like  a  magnet.  The 
reason  for  this  behavior  is  that  a  wire  carrying  a  current  is 


Fio.  149.  —  An  electromagnet  made  of  a  bar  of 
soft  iron  surrounded  by  a  coil  of  insulated  wire 
carrying  a  current. 


262  JUNIOR  SCIENCE 

surrounded  by  a  magnetic  field.  What  happened  when 
you  put  an  immagnetized  needle  inside  a  coil  of  wire  and 
passed  a  current  through  the  wire?  The  needle  became 
magnetized.  What  do  you  think  would  happen  if  you 
were  to  put  a  piece  of  soft  iron,  such  as  a  thick  wire,  or 
an  iron  bolt,  inside  a  coil  of  wire  through  which  a  current 
is  passing?  Try  it.  The  soft  iron  becomes  a  temporary 
magnet  (what  does  this  mean?),  just  as  if  it  were  in  the 
field  of  a  bar  magnet  (see  §  217).  The  instant  the  mag- 
i  netic  field  is  removed,  the  soft  iron  ceases  to  be  a  magnet. 
So  it  happens  that  if  we  want  the  magnetic  crane  to 
pick  up  an  iron  or  steel  object,  we  turn  on  the  switch  that 
makes  the  electric  circuit  (siir'kit)  complete  and  allows 
the  current  to  flow  through  the  coil  of  the  electromagnet. 
When  we  want  the  load  to  be  dropped,  we  break  the  cir- 
cuit ;  the  soft-iron  core  then  ceases  to  be  a  magnet,  and 
gravity  pulls  the  load  down. 

The  wire  of  the  coils  must  be  covered,  or  insulated ;  for  if  one  turn 
of  wire  touches  another,  the  current  crosses  over  by  a  short  cut  instead 
of  going  through  the  full  length  of  the  wire.  This  is  called  "  short 
circuiting"  the  current.  It  is  important  to  have  a  large  number  of 
turns  in  the  coil;  for  the  more  of  them  there  are,  the  stronger  the 
electromagnet  which  can  be  made.  An  interesting  fact  has  been 
found  to  be  true  of  the  soft-iron  core ;  a  bundle  of  small  wires  makes  a 
much  stronger  magnet  than  a  single  piece  of  iron  having  the  size  of 
the  bundle. 

Could  we  use  an  electromagnet  to  sweep  up  the  iron  chips  and 
turnings  of  a  factory? 


231.  How  Do  We  Ring  an  Electric  Bell?  —  Have  you 
ever  seen  one  of  the  old-fashioned  house  bells  which  you 
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rang  by  pulling  a  knob  ?    There  was  a  wire  attached  to 

the  knob,  and  there  was  a  spring  attached  to  the  other 

end  of  the  wire.     When  you  pulled  the  knob,  you  set  the 

spring  in  motion,  and  the  moving  spring  jingled  the  bell. 

The  modem  doorbell  can  be  put  in 

almost   any   out-of-the-way  place, 

and  its  wire  can  go  around  corners 

and  through  walls.     One  thing  it 

must  have,  however,  which  the  older 

bell  did  not  need:    a  battery,  or 

some   other  source   of  an  electric 

current. 

Examine  an  electric  bell,  and  com- 
pare it  with  the  diagram  m  Fig.  150. 


Push  Button 


Dry  Cell 


Trace  the  circuit  from  the  battery  to  the 
push  button.  'Here  the  circuit  is  broken, 
and  no  current  can  pass  to  the  electromag- 
net. But  if  we  press  the  push  button 
against  the  little  metal  triangle  shown  be- 
low it,  we  close  the  circuit.  Then  the  cur- 
rent passes  through  the  coil,  and  causes  the 
core  to  become  a  magnet.  The  core  now 
draws  to  itself  the  piece  of  iron  (the  arma- 
ture) attached  to  the  hammer  of  the  bell. 
The  hammer  is  drawn  in  that  way  also,  and 
strikes  the  bell.  As  a  result  we  hear  a 
sound. 

At  this  point  another  interesting  thing 
happens.    When  the  armature  is  drawn  for- 
ward, what  becomes  of  the  circuit?    You  will  see  that  it  must  be 
broken  at  the  place  at  which  the  armature  touched  the  metal  stop. 
If  the  circuit  is  broken,  what  must  happen  to  the  electromagnet? 


Fig.  150.  —  The  electric 
bell  is  rung  .by  an  electro- 
magnet which  draws  the 
hammer  to  the  bell  when 
the  circuit  is  complete.  The 
spring  throws  the  hammer 
back  as  soon  as  the  circuit 
is  broken. 


264 


JUNIOR  SCIENCE 


Of  course  it  will  lose  its  power  to  attract  the  armature.  The  metal 
below  the  armature  is  a  spring ;  as  soon  as  the  magnet  ceases  to  pull 
the  armature,  the  spring  throws  the  armature  back  against  the  stop. 
K  you  are  still  pressing  the  push  button,  the  circuit  will  be  closed 
once  more,  and  the  whole  performance  will  be  repeated. 

Thus  the  ringing  of  the  doorbell  is  a  series  of  rapid  sounds :  the 
hammer  is  thrown  against  the  bell,  withdrawn,  and  thrown  back 
again,  many  times  every  second  of  time. 

What  will  be  the  effect  if  the  armature  or  the  core  becomes  rusty 
or  covered  with  grease  and  dust?  If  the  spring  becomes  too  weak  to 
throw  the  armature  back  against  its  stop? 


232.  How  Can  a  Telegraph  Wire  Carry  a  Message  ?  — 

Think  what  a  convenience  the  telegraph  is.  If  the  wires 
are  working  properly,  we  can  get  a  message  to  a  distant 
city,  and  have  the  answer  back  again  before  we  could 
write  a  letter,  to  say  nothing  of  getting  it  delivered. 

Key 

Battery 


Fio.  151.  —  The  electric  telegraph  is  an  electromagnet  which  pulls  down 
the  sounder  when  the  key  is  pressed.  When  the  key  is  released,  the  spring 
pulls  the  sounder  up. 

If  possible,  examine  a  key  and  sounder  instrument,  and 
compare  it  with  the  diagram  of  Fig.  151,  so  as  to  learn 
how  the  telegraph  works.  In  the  doorbell  we  have  a  wire 
connection  both  ways,  but  in  the  telegraph  the  ''  return 
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circuit"  is  through  the  earth  itself.    What  effect  does 
this  have  upon  the  cost  of  the  wire  ? 

When  the  operator  presses  upon  the  telegraph  key,  he  closes  an 
electric  circuit.  The  electromagnet  under  the  sounder  then  pulls 
down  the  iron  armature  of  the  sounder,  and  stretches  the  spring  at 
the  end  of  the  sounder.  We  then  hear  a  sharp  click,  as  the  sounder 
strikes  its  stop.  When  the  operator  releases  the  key,  he  breaks  the 
circuit,  so  that  the  magnet  has  no  power,  and  the  spring  pulls  the 
sounder  up  against  the  upper  stop.  If  there  is  a  very  short  time 
between  the  two  clicks,  the  operator  receiving  the  message  knows 
that  a  dot  is  meant ;  if  a  longer  time,  he  knows  that  it  must  be  a  dash. 
The  telegraphic  alphabet,  or  code,  is  made  up  of  short  and  long  clicks, 
which  stand  for  dots  and  dashes.  Thus  by  pressing  and  releasing  a 
key,  an  op^ator  in  a  far-away  city  can  cause  a  sounder  to  be  raised 
and  lowered  in  the  telegraph  office  of  our  own  town. 

Have  you  ever  heard  the  click  of  the  telegraph  instrument  in  a  rail- 
way station,  telling  you  that  a  current  has  come  along  the  wire? 


THE  MORSE  ALPHABET 
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Who  was  Morse?  Wa.s  it  easy  for  him  to  get  people 
to  use  his  invention?  When  did  he  succeed?  What 
was  the  first  message  sent  ? 


266 


JUNIOR  SCIENCE 


233.   Can  a  Current  SUverplate  a  Spoon?  —  Why  do 

we  not  use  knives,  forks,  and  spoons  made  of  copper,  iron, 
or  lead,  instead  of  silver?  Of  course,  you  know  that 
some  of  the  reasons  are  that  these  other  metals  rust,  or 
have  a  bad  taste,  or  form  poisonous  substances  with  our 
foods.  But  most  of  us  cannot  afford  to  have  all  of  such 
utensils  of  solid  silver ;  we  use  a  plating,  or  covering  of 
silver  instead.    We  can  also  plate  objects  with  copper, 

nickel,  or  ofher  metals. 

* 

Experiment.  —  Dip  a  knife  blade  or  a  wire  nail  into  a  solution  of 
blue  vitriol  (copper  sulphate) ;  then  take  it  out  and  see  the  bright 
deposit  of  copper.  This  is  easily  rubbed  off.  To  make  a  deposit, 
or  plating,  which  will  adhere  firmly,  we  must  electroplate  it. 

You  remember  the  operation  we  called  the  elec- 
trolysis  of   water    (see    §  112).    We   passed   a   current 

through  water  to  which 
we  had  added  a  little 
sulphuric  acid.  Hydro- 
gen collected  at  one  wire, 
or  pole,  and  oxygen  at 
the  other.  Suppose  we 
pass  a  current  through  a 
copper  sulphate  solution, 
what  will  happen?  See 
Fig.  152.  Copper  will  be 
formed  at  one  pole.  Suppose  we  hang  an  iron  dish  at 
that  pole,  and  continue  passing  the  current.  The  cop- 
per sulphate  solution  would  soon  be  used  up,  because  all 
of  its  copper  would  be  deposited  on  the  dish.     But  if  we 


Copper  _  "  ""_ 


Sulphate  i 
folution 


Fig.  152.  —  To  plate  an  iron  dish  with 
copper,  we  hang  it  at  the  pole  by  which 
the  current  leaves  the  copper  sulphate 
solution.  We  attach  a  copper  plate  to 
the  pole  by  which  the  current  enters  the 
solution. 
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hang  a  sheet  of  copper  at  the  opposite  pole,  then  the 
copper  sulphate  will  be  re-formed  as  fast  as  it  is  used  up. 
So  the  copper  sheet  will  waste  away,  but  an  equal  amount 
of  copper  will  be  deposited  on  the  iron  dish.  We  have 
electroplated  the  dish. 

+  + 


•  Irrr^'' 


Fio.  153.  —  Objects  that  are  to  be  silverplated  are  hiing  upon  one  pole  in  a 
solution  of  a  silver  salt,  while  a  piece  of  silver  is  hung  upon  the  other  pole. 

Silverplating  (Fig.  153)  of  spoons  and  other  objects  is  carried  on 
in  the  same  way.  The  solution  contains  a  silver  compound,  instead 
of  a  copper  one.  A  bar  of  silver  hung  at  one  pole  wastes  away,  but 
an  equal  amount  of  silver  is  deposited  upon  the  object  at  the  opposite 
pole. 

Name  some  objects  that  are  silverplated.  Some  that  are  copper- 
plated.    Some  that  are  nickelplated. 

234.  How  Does  Electricity  Produce  Heat  ?  —  Do  you 
know  how  trolley  cars  are  heated?  If  you  examine  one, 
you  will  find  the  heater  at  the  side  of  the  car,  or  under  the 
seat.  Have  you  ever  used  an  electric  flatiron,  or  an  elec- 
tric toaster  (Fig.  154),  or  an  electric  stove?  In  all  of 
these  you  will  find  that  the  heating  device  is  a  long  piece 
of  metal  wound  in  coils,  or  bent  into  many  turns.  When 
you  turn  the  current  on,  the  metal  becomes  hot  and  serves 


JUNIOR  SCIENCE 


Fio-  164.  — A  Toaater  Stove. 


to  heat  the  car,  flatiron,  toaster,  or  stove, 
be  done? 


-  To  the  two  binding  posts  of  a,  good  dry  cell  attach 
two  pieces  of  ordinary  copper  wire  (No.  16  or  18)  about  2  inches  long 
(aee  Fig.  155).  Care- 
fully, by  means  of /or- 
cept  (not  the  hands), 
bring  the  free  ends  of 
the  wires  together ;  so 
that  the  current  can 
pass  through   them. 
Do  the  wires  become 
hot?   Now  use  a  very 
fine    copper    wire 
(No.  36  or  40,  if  pos- 
sible) ;  does  it  become  hot?    Finally,  in  place  of  the  copper  wire  use 
a  fine  iron  wire  (No.  36  or  40,  if  possible).    Be  sure  to  use  the  forceps. 
What  is  the  result?    If  one  dry  cell  does  not  give  good  results,  use 
two  or  three  connect«d  in  series,  that  is,  with  the  zinc  binding  poet  of 
one   cell   connected    with  the  ^ 

carbon   binding  post   of  the 


We  have  already 
learned  (see  §228)  that 
some  substances  allow 
the  current  to  pass  more 
readily  than  others.  Both 
copper  and  iron  are  con- 
ductors. There  is,  how- 
ever, no  conductor  that  is  perfect ;  that  is,  in  ] 
through  any  conductor  the  current  meets  with  resistance. 
Some  of  the  energy  of  the  current  is  lost.    What  becomes 


Fia.  165.  — 
much  reaUttince  in  a  fine  copper  oc  iii 
D  that  tlie  wire  becomes  very  hot. 
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of  it?  It  is  changed  into  another  fonn  of  energy — heat. 
So  by  selecting  some  material  which  has  the  right  resist- 
ance, we  can  use  the  current  to  produce  heat.  The  iron 
wire  of  a  certain  diameter  has  more  resistance  than  a 
copper  wire  of  the  same  diameter ;  and  the  small  copper 
wire  has  more  resistance  than  the  large  copper  wire. 

The  wire  used  in  electric  heating  apparatus  is  generally 
of  nichrome  (ni^kr5m),  which  is  an  alloy,  or  mixture  (see 
§  165),  of  the  metals  nickel  and  chromium  (krom'I-tlm). 
Examine  the  wire  of  an  electric  toaster  and  describe  it. 

Is  any  other  fonn  of  energy  readily  changed  into  heat?  Think 
what  happens  when  you  rub  your  hands  together,  or  when  you  strike 
a  nail  several  times  with  a  hammer,  or  when  you  hold  a  knife  hard 
against  a  revolving  grindstone. 

236.  How  Does  Electricity  Produce  Light?  —  In  1879 
Thomas  Edison  gave  us  the  first  successful  incandescent 
bulb  light  (what  does  incandescent  mean?),  and  so  made 
it  possible  for  us  to  use  the  electric  current,  instead  of 
some  form  of  fire,  for  the  lighting  of  our  houses.  What  is 
needed  to  change  the  current  into  light  ?  You  know  very 
well  that  if  the  temperature  of  a  heated  object  is  suffi- 
ciently high,  the  object  gives  oflf  light  as  well  as  heat. 
What  is  the  difference  between  a  hot  iron  and  a  red-hot 
iron?  If  then  we  use  a  wire  made  of  a  material  having 
a  great  resistance  and  of  sufficiently  small  diameter,  we 
can  turn  an  electric  current  into  light.  We  do  this  every 
day  when  we  turn  on  the  electric  light.  * 

What  are  the  materials  of  the  fine  wires  we  see  in  elec- 
tric light  bulbs  ?    See  Fig.  156.    In  the  carbon  bulb  the 
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wire,  or  filament,  is  of  charcoal.     Why  does  not  tiie 
heated  charcoal  bum  up?     Read   §§26  and  37.     The 
-  answer  is  that  there  is  no  air  in  the  bulb ; 

the  air  has  been  pumped  out,  and  the  char- 
coal is  really  being  heated  in  a  vacuum. 
Have  you  ever  heard  the  loud  report  made 
by  a  bursting  bulb?  It  is  due  to  the 
rushing  of  air  into  the  empty  space  inside 
the  bulb.  In  more  modern  forms  of  elec- 
T^    ,  1.^      ™..      trie  light  bulbs  the  filament  is  made  of  one 

tio.  loO. —  Ine  . 

incoodeecent  buiD  of  the  rare  elements,  tungsten  (tflDg  stn). 

J^'iuSu^m  >  Examine  one  of  these  bulbs,  and  see  how 

wire  bested  white-  fine  the  filament  is.     Some  modern,  very 

c^n^t.""  "'" ""  bright  bulbs  are  filled  with  nitrogen. 

Arc  Lights.—  The  large,  bright  electric  lamps  which  are  used  for 
street  hghting,  and  which  give  a  bluish-whit«  light,  are  arc  lights. 
They  consist  of  two  carbon  rods  through  which  a  powerful  current 
is  allowed  to  pass.  The  rods  are  a  little  distance  apart:  J  of  an  inch 
or  90 ;  but  the  current  is  conducted  by  a  layer  of  white-hot  carixin 
vapor  that  forms  between  them;  this  is  called  the  "arc."  It  has 
probably  the  highest  temperature  man  has  been  able  to  produce : 
about  3800°  C.  The  rods  have  to  be  renewed  from  time  to  time, 
as  they  are  gradually  burned  away  by  being  heated  to  so  high  a  tem- 
perature in  the  air. 

236.  How  Does  a  Djmamo  Produce  an  Electric  Cur- 
rent?—  You  probably  remember  that  when  you  studied 
the  geography  and  early  history  of  our  country  you 
learned  that  many  of  the  rivers  which  empty  into  the 
Atlantic  Ocean  have  falls  or  rapids  at  a  certain  distance 
from  the  ocean.    Can  you  find  out  what  is  the  cause  of 
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this?  At  many  of  these  falls  or  rapids  the  settlers  built 
mills,  and  towns  grew  up  around  the  mills.  Can  you 
name  any  such  towns  ? 

Why  were  the  mills  built  at  the  waterfalls?     It  was 
because  the  rushing  water  was  a  source  of  energy,  which 
could  be  used  to  turn  the  great  wheel  of  the  mill  and  the 
.machinery  attached  to  the  wheel. 
Years  afterwards,  when  coal  came 
into  general  use,  men  cared  lessand 
less  for  water  power,  and  built  their 
mills  and  factories  at  places  where 
coal  could  be  obtained  cheaply 
and    in   large    amounts.      Name 
some  such  places.     But  as  electric 
power  has  come  into  use,  water 
power  has  become  of  great  impor- 
tance once  more  ;    for  the  energy 
obtained  from  a  far-away  stream 
can  be  turned  into  an  electric  cur- 
rent, and  when  it  is  thus  harnessed 
it  can  be  sent  long  distances  over 
wires,   and  made  to  do  a  great 
deal  of  the  world's  work.     The 
same  power  can  be  obtained  at 
the  bottom  of  a  dam,  because  the  water  at  the  bottom  is 
forced  -out  in  a  powerful  stream  by  the  pressure  of  the 
water  above  it  {see  Fig.  157). 

What  is  the  machine  that  brings  to  us  the  energy  of  falling  water  ? 
Of  course  there  is,  first  of  all,  the  water  wheel,  which  revolves  in  a 
circle ;  then  the  water  wheel  turns  a  dynamo  (di'na-mo),  which  pro- 
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duces,  or  generates,  the  current.  We  cannot  learn  all  about  the 
dynamo  now,  but  we  can  get  an  idea  of  the  principle  by  which  it  works. 
To  understand  the  dynamo  we  must  go  back  to  the  study  of  the 
electromagnet  (see  §230).  You  will  remember  that  in  an  electro- 
magnet we  have  a  coil  of  insulated  wire  and  a  core  of  soft  iron  inside 

_^ it.    If  we  pass  a  current  through  the 

coil  of  wire,  the  soft  iron  cor^  becomes 
a  temporary  magnet,  for  the  reason  that 
the  iron  is  in  the  magnetic  field  which 
surrounds  the  wire.    Suppose  we  put  a 

Fig.  168.  —  When  a  magnet  magnet  into  a  coil  of  wire  that  has  no 
is  moved  into,  or  out  of,  a  coil,  current  (see  Fig.  158),  can  we  reverse 
it  produces  a  current  in  the  t^g  charge,  and  actually  produce  a  cur- 
rent ?  This  is  just  what  happens,  as  long 
as  the  magnet  is  in  motion.  Whether  we  push  the  magnet  into  the 
coil,  or  pull  it  out  of  the  coil,  as  long  as  we  keep  it  moving,  there  will 
be  a  current  in  the  wire.  The  current  is  produced  because  the  mag- 
netic field  of  the  magnet  moves  past  the  wires,  or,  what  is  the  same 
thing,  because  the  wires  move  through  the  magnetic  field  of  the 
magnet. 

A  dynamO;  or  generator  (see  Fig.  159),  is  a  wonderful 
machine  in  which  coils  of  insulated  wire  are  made  to  re- 
volve rapidly  through  the  fields  of  powerful  electromagnets. 
The  coils  are  all  attached  to  a  single  frame  called  the 
armature.  The  currents  produced  in  the  wire  coils  of  the 
armature  are  collected  in  two  large  wires  which  form  the 
poles  of  the  dynamo.  What  is  the  real  use  of  the  water, 
or  steam,  or  other  source  of  power  which  runs  the  dynamo  ? 
Is  it  not  to  turn  the  armature  rapidly  in  the  fields  of  the 
electromagnets,  so  that  the  energy  of  motion  may  be 
turned  into  electric  energy  ? 

What  do  you  say  of  the  debt  we  owe  to  Faraday,  who 


HOW  MAN  USES  ELECTRICITY  273 

made  the  first  dynamo?    What  is  the  importance  of  the 
dynamo  to  modern  living?     Who  was  Faraday? 


(counety  el  int  Weainsriotite  Bltaric  A  Manufacjur 
Fid.  159.  —  Generator  in  Municipal  Plant,  Eau  Claire,  Wis-     The 
run  by  ateam  and  !□  its  turn  makea  the  coils  of  wira  revolve  in  the 
fields  at  powerful  electTDmagnets. 

237.  How  Does  Electrici^  Produce  Motion?  —  How 

can  the  water  pressing  against  the  dam  at  Keokuk  be 
made  to  move  street  cars  in  St.  Louis?  How  can  the 
power  of  falling  water  at  Niagara  turn  the  wheels  of  a 
factory  in  Rochester?  The  first  part  of  the  process  is, 
of  course,  to  change  the  water  power  into  electrici^. 
But  we  do  not  really  want  the  electricity  for  itself ;  we 
want  it  for  the  things  we  can  do  with  it.    Perhaps  we 
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want  heat  and  light ;  perhaps  it  is  motion  of  a  trolley  car 
or  a  sewing  machine  or  a  grindstone.  You  will  see  at 
once  that  what  we  need  is  some  way  of  turning  the  elec- 
tric current  into  motion;  that  is,  it  must  make  some 
"  wheels  go  'round,"  somewhere.  The  machine  for  doing 
this  we  call  an  electric  motor. 

The  motor  is  really  like  a  dynamo,  but  its  work  is  the  reverse  of 
that  of  a  dynamo.  What  does  a  dynamo  do?  It  changes  energy  of 
motion  into  an  electric  current,  does  it  not?  The  work  of  a  motor  is 
to  change  the  electric  ctirrent  back  into  energy  of  motion.  In  a 
dynamo  we  move  coils  of  wire  (the  armature)  rapidly  in  the  fields  of 
great  magnets  and  thus  produce  currents.  In  a  motor  we  pass  the 
current  from  an  outside  source  into  the  armature  and  electromagnets, 
and  so  cause  the  armature  to  revolve  with  great  speed.  Whatever 
machine  is  attached  to  the  armature  can  thus  be  made  to  revolve  also. 

Trolley  wire 


Motors 


Track 


Fig.  160.  —  The  trolley  car  is  driven  by  motors  which  get  their  current  from 
a  distant  power  station,  where  some  generator  is  changing  motion  into  elec- 
tricity. 

Compare  the  arrangement  shown  in  Fig.  160  with  that 
of  a  real  trolley  car.  The  motor  is  on  the  under  side  of 
the  car.  The  current  enters  through  the  trolley  wire 
and  pole.  Sometimes  a  ^^  third  rail ''  carries  the  current 
from  the  power  house  to  the  motor  of  the  car.    The  cur- 
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rent  returns  to  the  power  house  through  the  car  track, 
and  thus  makes  the  circuit  complete. 

238.  Exercises. —  1.  What  are  several  uses  of  electromagnets? 
What  advantages  have  they  over  permanent  magnets? 

2.  Write  in  the  Morse  code :  "  Buy  one  thousand  shares  Utah 
Copper  at  eighty-one.'* 

3.  Why  do  men  use  copper  for  trolley  wires  instead  of  iron? 

4.  What  is  the  use  of  the  telegraph  in  railroading?  In  the  weather 
service?    In  business?    In  newspaper  making? 

5.  Describe  the  changes  of  energy  that  take  place  when  we  use  a 
waterfall  on  the  Feather  River  to  run  a  sewing  machine  in  San  Fran- 
cisco. 

6.  Do  you  suppose  there  is  a  magnetic  field  around  a  dynamo? 
Why? 

7.  Why  are  glass  or  porcelain  protectors  used  on  telephone  poles? 

8.  Can  you  suggest  how  men  might" distribute  the  energy  of  coal 
without  shipping  the  coal  away  from  the  mine? 

9.  When  you  disconnect  an  electric  flatiron,  you  will  usually 
notice  that  a  light  which  is  on  the  same  circuit  burns  more  brightly. 
Why? 

10.  Where  is  the  Gatun  dam?  The  Assouan  dam?  The  Keokuk 
dam?    How  are  they  used  to  generate  electric  currents? 

11.  Name  all  the  uses  you  know  of  electric  motors. 

12.  How  can  you  light  an  electric  lamp  which  is  on  the  ceiling,  by 
pushing  a  button  on  the  wall? 

13.  Why  are  we  told  not  to  touch  a  bare  electric  wire  carrying  a 
current,  if  we  are  near  some  metallic  fixtures  or  pipes  at  the  same 
time? 

14.  If  your  electric  doorbell  will  not  ring,  where  will  you  look  for 
the  trouble.    Where,  if  it  will  not  stop  ringing? 

Summary.  —  An  electromagnet  is  a  bar  of  soft  iron  placed  in  the 
magnetic  field  of  a  coil  carrying  a  current.  When  the  current  is 
stopped,  the  iron  ceases  to  be  a  magnet. 
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An  electric  bell  rings  because  of  the  rapid  making  and  breaking  of 
its  circuit  by  a  spring  attached  to  the  hammer  of  the  bell. 

The  telegraph  is  an  instrument  for  making  a  sounder  produce  dots 
and  dashes  to  correspond  with  the  making  and  breaking  of  the  circuit 
by  means  of  the  key. 

In  electroplating  we  use  a  solution  containing  a  compound  of  the 
metal  to  be  deposited.  The  metal  wastes  away  at  one  pole  and  is 
deposited  at  the  other. 

When  a  ctirrent  passes  through  a  conductor,  it  meets  with  resist- 
ance. If  the  resistance  is  great  enough,  part  of  the  ciurent  is 
changed  into  heat  and  light. 

A  dynamo  is  a  machine  in  which  energy  of  motion  is  changed  into 
an  electric  current.  It  consists  of  coils  of  insulated  wire,  revolved 
rapidly  in  the  fields  of  powerful  magnets. 

A  motor  is  a  machine  for  turning  a  current  into  mechanical  motion. 


CHAPTER  XXVI 

THE  LIGHT  OF  DAY 

239.  Why  Can  We  See  Objects?  —  As  we  look  about 
this  universe  of  ours,  what  is  the  most  necessary  thing 
in  it  ?  Is  it  not  the  light  of  the  sim  ?  How  helpless  man- 
kind would  be  without  it;  how  quickly  all  life  would 
shrivel  and  die  if  it  should  be  removed.  No  wonder 
early  man  worshiped  the  sun.  We  do  not  need  to  be 
Sim-worshipers  to  appreciate  the  power  of  the  sun  and 
its  benefits  to  us.  The  more  we  study  about  light,  the 
more  wonderful  our  great  lamp,  the  sun,  seems. 

Why  is  it  that  we  see  the  objects  which  surroimd  us? 
Is  it  not,  in  the  first  place,  because  these  objects  send  us 
light  rays,  and,  second,  because  we  have  an  instrument, 
the  eye,  which  is  afifected  by  these  rays  ?  Think  of  some 
bodies  besides  the  sun  which  produce  within  themselves 
the  light  they  give  off,  and  so  can  be  called  "  sources  " 
of  light.  How  about  a  burning  stick,  an  electric  bulb,  a 
firefly,  a  flash  of  Ughtiiing?  Name  others.  We  call  such 
bodies :  self-luminous.  On  the  other  hand,  many  bodies 
merely  reflect  light.  We  see  them  simply  because  another 
body  shines  upon  them,  and  they  reflect  some  of  its  light 
to  our  eyes.  Such  bodies  are  illuminated,  or  lighted,  by 
the  self-luminous  bodies.  How  do  we  see  a  chair  in  day- 
light?   By  reflected  sunlight,  do  we  not?    What  hap- 
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pens  when  the  sun  goes  down,  and  the  chair  has  no  light 
to  reflect?  Why  does  the  chair  become  visible  again 
when  we  turn  on  a  light  in  the  room  ? 

The  moon,  like  the  chair  in  daylight,  reflects  light  from  the  sun. 
Objects  which  we  see  by  moonlight  reflect  light  that  comes  from  the 
moon ;  but  the  moon,  in  turn,  has  reflected  the  light  of  the  sun.  In 
moonlight,  then,  we  see  an  object  by  twice-reflected  sunlight.  How 
about  an  object  seen  by  starlight?  By  the  light  of  the  planet  Venus? 
By  the  light  of  a  "  shooting  star  "  ? 

Can  you  name  a  substance  through  which  you  may 
look  and  see  an  object  on  the  other  side?  Glass,  you  say. 
How  about  water  and  air?  Such  substances  are  trans- 
parent (see  §  110).  Other  substances  do  not  permit 
light  to  pass  through  them,  so  that  an  object  on  the  other 
side  of  them  cannot  be  seen.  Name  some  of  these. 
They  are  opaque  bodies.  There  is  also  a  third  class  called 
translucent  substances ;  if  objects  are  seen  through  them, 
the  objects  are  indistinct.  Oiled  paper,  horn,  and  thin 
china  are  translucent ;  how  about  fog  ?  Ground  glass  is 
translucent  because  the  light  passing  through  it  is  scat- 
tered, or  "  diffused,''  in  many  directions.  How  is  glass 
ground?  See  §  14.  Very  thin  plates  of  all  opaque 
bodies  are  probably  translucent. 

240.  How  Does  Sunlight  Travel  ?  —  Notice  how  sun- 
light comes  through  a  small  opening  into  a  dark  room 
(Fig.  161) ;  does  it  not  come  in  a  straight  line,  illuminating 
only  those  dust  particles  which  are  in  that  Une?  When 
some  other  force  does  not  change  the  direction  of  Ught, 
it  seems  always  to  travel  in  straight  lines,  like  matter 
itself  (see  §  105).    But  the  velocity  of  light  is  much 
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greater  than  the  speed  of  any  body  of  matter  we  know  of. 
A  rate  of  186,000  miles  a  second,  which  we  have  learned 
(see  §  91)  is  that  of  light,  is  about  10,000  times  that  of 
the  earth  as  it  travels  around  the 
sun.  How  slow  is  the  swiftest  air- 
plane compared  with  light,  or  even 
with  the  earth  !  Scientists  have 
found  that  light  comes  to  us  in  the 
form  of  light  waves,  which  can 
travel  enormous  distances  through 
space  (see  §  88).  We  call  a  single 
line  of  light  a  light  ray ;  a  number 
of  parallel  rays  makes  a  beam.  It 
is  a  beam  that  comes  into  the 
room  :   a  "  bundle  "  of  light  rays. 

When  we  think  of  it,  we  shall  see  that  if 
it  were  not  for  bodies  that  in  some  way  turn 
the  rays  of  sunlight  from  their  straight 
course,  we  could  get  sunlight  only  when  we 
are  looking  directly  toward  the  sun.  Yet 
we  rarely  look  straight  at  the  sun ;  its  hght 
is  too  intense  and  hurts  our  eyes.  The 
objects   around  us :    trees,   grass,   water, 

houses,  stones,  clouds,  dust  and  water  par-       ^la.  161.  ~  The  straight 
tides  in  the  air,  all  these  reflect  sunlight  to    beam  of  Bunlight  is  made 
ua,  and  we  do  not  need  to  look  at  the  sun    ™l''!«  ^^  *«,  dust  partidee 
,  ■.    I-  ii  which  reflect  its  light  to  our 

itself  in  order  to  get  its  light,  eyea. 

We  must  remember  that  sunlight  brings 
us  something  besides  light.     Does  it  not  bring  us  heat  also  (see  §  251)  ? 
Then,  too,  sunlight  has  marvelous  chemical  powers,  as  when  it  tans 
our  skin,  or  takes  a  photograph,  or  helps  green  plants  to  build  up 
their  food  out  of  water  and  carbon  dioxide  (see  §43). 
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241.  How  Does  a  Mirror  Change  Light?  —  Hold  a 
hand  mirror  so  that  it  will  catch  a  sunbeam  coming  into 
the  room,  and  by  changing  the  position  of  the  mirror  direct 
the  reflected  beam  to  the  opposite  wall,  or  the  ceiling, 
of  the  room.  Notice  the  slants  or  angle,  at  which  the  beam 
strikes  the  muror,  and  the  slant  it  makes  after  it  ha^  been 
reflected  by  the  mirror.  Are  not  the  two  slants,  or 
angles,  the  same?  Try  several  positions  of  the  mirror 
and  notice  the  results. 


Fig.  162.  —  The  slant,  or  angle,  with  which  a  ray  of  light  strikes  a  niirror  is 
equal  to  the  angle  after  reflection  by  the  mirror.  If  you  throw  a  tennis  ball  to 
the  sidewalk  at  a  slant,  it  bounds  at  the  same  slant,  but  in  an  opposite  direction. 

How  must  the  mirror  be  held  so  that  the  reflected  sun- 
beam is  sent  back  toward  the  sun?  Where  must  you 
stand  with  respect  to  a  mirror  so  that  you  may  see  your 
own  image  in  it? 

Stand  on  one  side  of  a  mirror,  so  that  you  can  see  the 
image  of  another  person  in  the  room ;  ask  him  if  he  can 
also  see  your  image.  Find  out  what  the  path  of  the 
light  must  have  been  from  you  to  him  and  from  him  to 
you.  Is  it  true  here  also  that  the  slant,  or  angle,  with 
which  light  strikes  the  mirror  equals  the  slant  at  which 
it  is  reflected  from  the  mirror? 
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If  you  throw  a  tennis  ball  vertically  down  on  a  smooth 
sidewalk,  it  bounds  up  again  in  a  vertical  line.  But  if  you 
throw  it  to  the  sidewalk 
at  a  slant,  it  bounds  off  at 
the  same  slant,  but  in  the 
opposite  direction  (Fig. 
162).  Light  and  sound 
(see  §  267)  bound  off  in 
the  same  way. 


Do  you  know  how  a  peri' 
scope  works?  Study  Fig.  163. 
If  raj*  of  light  from  an  ocean 
liner  enter  the  tube  of  a  sub- 
marine's periscope,  the  light 
falls  upon  miiTors  inside  of  the 
tube,  and  ia  reflected  by  them 
down  into  the  submarine. 
a  result  the  "lookout"  in  the 


soldier  in  the 
trenches  can  use  mirrors  in  an  inclosed 
tube  (a  pMifCOpe)  to  see  what  is  takiiiE 
place  above  ground.  Note  the  two  slant* 
submarine  need  not  put  his  ing  mirrors  and  the  path  ot  the  light  rays 
head  above  water  to  see  the  ^C^.""**'  '"^'"^  "*  "''^""^  ^^  "" 
image  of  the  liner  toward  which 

the  opening  of  the  periscope  is  directed,  A  similar  periscope  was  used 
in  the  trenches  during  the  World  War.  Could  a  man  who  must  see 
around  a  railroad  curve  use  a  periscope  to  advantage? 

242.  Why  Does  an  Object  Have  a  Shadow?  —  Walk 
toward  a  bright  light,  such  as  a  street  lamp,  and  look  be- 
hind you  at  your  shadow.  How  does  the  shadow  change 
as  you  go  toward  the  lamp?  As  you  pass  it?  As  you 
walk  away  from  it?  Notice  the  shadows  cast  by  a  tree, 
a  bouse,  or  any  opaque  object  out  of  doors.  What  posi- 
tion has  the  shadow  soon  after  sunrise,  at  midday,  and 
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just  before  sunset  (see  Ex.  14,  §94)?  Why  do  objects 
have  shadows  ?  ■  Does  the  forming  of  shadows  have  any- 
thing to  do  with  the  fact  that  light  travels  in  straight 
lines? 

In  a  room  otherwise  dark,  light  a  candle,  and  examine  the  shadow 
of  a  spool  or  small  pencil  placed  upright  near  the  candle.  You  can 
see  the  shadow  best  if  it  falls  upon  white  paper.  The  shadow  has 
two  ports.  One  is  very  dark,  because  the  candle  light  is  cut  off  by 
the  opaque  spool  or  pencil.  The  other  is  not  so  dark,  because  it  gets 
light  from  part  of  the  flame,  although  not  from  all  of  it.  We  call  the 
darker  part  the  umbra,  and  the  less  dark  part  the  penumbra  (pCn- 
tlm'brfi,  "  almost  an  umbra  "). 

Try  also  a  small  kerosene  lamp,  or  an  electric  l^t  bulb,  and  study 
shadows  by  means  of  it.  An  electric  bulb,  in  a  covered  box  with  a 
small  hole  in  it,  makes  a  good  source  of  light  from  a  very  small  surface. 


Fio.  164.  —  Owins  to  the  size  of  the  earth's  shadow  and  its  motion,  the 
moon  may  require  two  hours  to  pass  through  the  umbra  in  an  eclipse.  To  &□ 
observer  on  the  moon,  the  aun's  light  would  be  entirely  out  off  foi  all  this  time. 

If  the  source  of  light  is  very  small,  that  is,  almost  a 
point,  the  shadow  is  very  distinct,  and  just  as  dark  in  one 
part  as  in  another ;  but  if  the  light-giving  body  has  a 
large  surface,  so  that  there  are  many  points  giving  off 
light,  the  shadow  will  have  a  darker  and  a  hghter  portion. 

In  an  eclipse  of  the  moon  the  earth  comes  between  the 
sun  and  moon,  cutting  off  sunlight  from  the  moon  (see 


THE   LIGHT  OF  DAY 


§  2  and   Fig.    164).     What  happens  when  the   sun   is 
eclipsed?    Study  Fig.  165. 


Fio.  165.  —  Because  of  the  small  size  of  the  moon  and  ita  diatsnce  from  the 
earth,  the  umbra  of  its  shadow  is  never  more  than  16S  miles  in  diameter.  At 
such  a  time  all  places  within  the  umbra  have  a  lolal  «clip»e  of  the  ana.  In  the 
lower  figure  the  umbra  does  notquite  reach  the  earth,  hence  the  moon  appears, 
to  an  observer  directly  behind  it,  to  be  a  great  round  disk,  not  quite  large 
enough  to  cover  the  sun. 

243.  How  Does  Distance  Affect  the  Brightness  of 
Light?  —  If  you  sit  in  the  far  comer  of  a  room,  do  you 
receive  as  much  light  as  a  person  who  sits  beside  a  read- 
ing lamp  in  the  middle  of  the  room?  No,  of  course  not. 
But  if  you  sit  twice  as  far  away  as  he  does,  you  receive, 
not  half  as  much  light  as  he,  but  only  \  as  much.  Why  is 
this?  Study  Fig.  166.  A  person  three  times  as  far  away 
as  another  receives  i  as  much  light. 

The  lantern  of  Fig.  166  represents  a  beam  of  light  with  rays  spread- 
ing out  in  all  directions.    If  a  card  one  inch  on  a  side  (its  area  is  one 
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square  inch)  is  placed,  say,  four  inches  from  the  light,  it  will  cast  a 

shadow  exactly  covering  a  card  having  four  times  the  area,  but  twice 

as  far  away.    Its  shadow  will  also  cover  a  card  having  nine  times  the 

area,  but  three  times 

as  far  away.     But  as 

the  same  amount  of 

I  light    is    spread    out 

over  four  times,    or 

nine  times,  the  sur-, 

face,    its    brightness 

on  each  square  inch 

is   less  in  the   same 

proportion. 


FlQ.  166.  —  At  twice  the  diatai 
the  picture  is  4  times  aa  large,  t 
.^t  3  times  the  distance  it  ia  9  tin 
t  as  bright. 


■e  from  the  lanleni, 
t  only  i  a£  bright, 
a  as  large,  but  only 


As  the  candle  has  been  used  so  long  as  a  source  of  light, 
the  standard  unit  for  the  measurement  of  the  brightness 
of  light  is  the  candle,  power.  If  an  electric  light  bulb 
gives  as  bright  a  hght  as  16  standard  candles,  the  bulb 
is  said  to  be  a  16-candle-power  light. 

244.  Can  Light  Be  Turned  Out  of  Its  Course  ?  —  We 
have  already  learned  that  light  rays,  which  come  to  us  in 
straight  Unes,  can  be 
turned,  or  reflected,  by 
the  smooth  surfaces  we 
call  mirrors.  Do  you 
suppose  that  they  can  also 
be  bent  by  transparent 
bodies  through  which  they 
pass.  Let  us  perform  a 
few  experiments. 

On    a    sheet  of  paper 
make  a  straight  pencil  mark  (Fig.  167),  and  lay  a  thick 
piece  of  glass  over  it,  so  that  the  mark  projects  beyond 


Fia.  167.  —  As  the  rays  of  light  pasa 
at  ■  slant  from  the  glass  into  air,  they  are 
bent,  and  the  line  seema  to  be  broken  at 
the  edges  of  the  glass. 
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the  edges  of  the  glass.  If  you  look  straight  down  (verti- 
cally) upon  the  line,  it  does  not  seem  broken.  But  look 
at  the  mark  at  a  slant ;  do  you  see  that  the  Une  seems  to 
be  broken  at  the  edge  of  the  glass?    Why  is  this  true? 

What  happens  is  that  the  light  from  the  pencil  mark 
passes  through  the  glass  and  then  through  the  air  to 
reach  your  eye.  If  it  leaves  the  glass  without  a  slant, 
it  is  not  bent ;  but  if  it  leaves  slantwise  {obliquely)  it  is 
bent  out  of  its  straight  course.  Now,  as  you  see  the  mark 
in  the  direction  from  which  its  light  is  coming  as  it  enters 
your  eye,  the  part 
under  the  glass  seems 
to  be  at  one  side  of 
its  true  position. 


What  happens  when 
the  Ught  passes  from 
water  into  air?  Study 
Fig.  168.  In  a  cup  place 
a  coin.  Raise  the  cup,  or 
lower  your  head,  so  that 
the  coin  just  goes  out  of 
sight;  then  pour  water 
slowly  into  the  cup.   Does 


Fig.  168.  —  If  you  look  at  a  slant  at  some 
object  which  is  under  water,  the  light  rays  are 
bent  as  they  pass  from  water  into  air;  hence 
your  eye  is  deceived  as  to  the  true  position  of 
the  object. 


not  the  coin  seem  to  rise,  so  that  you  can  see  it?    Has  the  coin 
actually  risen?  • 

If  you  see  a  fish  at  the  bottom  of  a  pond,  is  the  fish  where  it  seems 
to  be?  See  Fig.  168.  Will  not  the  light  coming  from  the  fish  to  your 
eve  be  bent  as  it  leaves  the  water,  so  that  the  fish  will  seem  to  be 
farther  from  you  than  it  really  is?  Will  not  the  water  also  seem  to 
be  more  shallow  than  it  is  in  fact?  Is  it  safe  to  st^p  off  into  water 
that  seems  "  just  up  to  your  neck  "?  If  you  were  trying  to  spear  a 
fish,  would  you  aim  directly  at  the  place  at  which  the  fish  seems  to 
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be,  or  nearer  to  you?    Explain  why  it  is  that  an  oar,  or  a  water  plant, 
sticking  out  uf  the  water,  seemB  bent  at  the  water's  surface. 

Ah  the  light  from  the  sun,  or  a  star,  near  the  horizon  comes  from 
outer  space  into  our  atmosphere,  its  rays  are  bent  downward  toward 
us,  so  that  the  sun,  or  star,  seems  higher  than  it  really  is.  May  a 
star  have  really  set,  and  we  still  see  it? 

246.  How  Does  a  Bunung  Glass  Work?  —  Have  you 

ever  used  a  magnifying  glass  or  a  reading  glass  to  gather 

the  rays  of  sunlight  together,  so  that  you  could  use  them 

to  set  paper  on  fire  ?    The  glass  is  then  called  a  bunung 

lens,  or  burning  glaas.     Such  a 

lens  is  a  round,  lozenge-shaped 

piece   of  glass,   thicker  in  the 

middle  than  at  the  edges  (see 

Fig.  169).     The  spot  at  which 

all  the  rays  are  brought  together 

is  called  the  focus  (fo'kus).  Why 

do  the  light  rays  come  together 

after  passing  through  the  lens? 

To    understand    the    burning 

lens,  let  us  think  again  of  the 

bending  of  the  rays  of  light  when 

FlO.  169.— The  glass  lens  ^]^^y  g^  (j.^^  g\g^g  jj^l^  ^jf  qj. 
gathers    parallel    rays    coming  J     =  _       o     _ 

from  the  sun  and  briaga  them  from  Water  mto  air.  When  the 
XSi'SXVon'a".""'  glass  surface  is  flat  (a  plane), 
and  you  look  through  it  slant- 
wise, the  rays  are  bent  toward  you.  If  you  use  a  lozenge- 
ahaped  piece  (a  lens),  the  light  that  passes  through  any 
part  except  the  middle  will  all  be  bent  toward  the  middle; 
that  is,  toward  the  thicker  part  of  the  lens.    So,  at  a 
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certain  distance  from  the  lens  many  separate  rays  will 
come  together. 

Lenses  may  have  several  forma  (Fig.  170),  depending  upon  whether 
the  faces  are  bulging  (convex),  hollow  (concave),  or  plane.  The  rule 
is  that  the  light  is  always  bent  toward  the  thicker  part  of  the  lena :  so 
some  tenses  spread  out  the  light  rays  instead  of  bringing  them  to- 
gether.   Which  ones  do  this? 


Our  eye  has  a  lens,  called  the  cryBtallinc  lens  (see  §  252),  the  duty 
of  which  Is  to  bend  the  light  rays  coming  to  us  from  an  object  at  which 
we  are  looking.  The  hght  must  be  bent  just  enough  to  make  an  image 
of  the  object  upon  the  sensitive  screen  of  the  eye,  caUed  the  retina 
(rSt'{-nft).  Eyeglasses  are  lenses  to  help  the  eye,  if  it  is  not  able  to 
bend  the  light  rays  properly. 

246.  How  Does  Light  Form  an  Image  ?  —  You  know 
what  a  camera  is.  It  is  a  box  in  which  light  rays  are 
all6wed  to  fall  upon  a  prepared  plate  or  film.  An  easy 
way  to  study  how  images  are  formed  is  to  use  a  very 
simple  kind  of  camera,  called  a  "  pinhole  "  camera. 

Remove  the  two  ends  of  a  box,  leaving  the  two  sides  and  the  top 
and  bottom  (Fig.  171).  Cut  an  opening  in  the  center  of  one  side, 
and  cover  it  with  tinfoil.  Make  a  pinhole  in  the  foil.  The  inside 
is  made  black,  except  a  white  spot  opposite  the  tinfoil.  If,  now,  you 
darken  the  room,  and  place  a  small,  lighted  candle  in  front  of  the  pin- 
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hole,  you  can  see  an  image  of  the  candle  on  the  white  spot  inside  the 
box.    The  image  is  upside  down  and  reversed  sidewise  too.    Why 

is  this  true?    The  answer  is 


that  a  light  ray  is  sent  from 
every  point  of  the  surface  of 
the  candle,  and  that  these  rays 
make  pictures  of  the  points 
from  which  they  came,  wher- 
ever they  strike  the  white  spot 
inside  the  box;  but  they  all 
cross  when  they  go  through 
the  pinhole.  So  the  right  side 
of  the  candle  flame  becomes 

the  left  side  of  the  image,  and  the  top  becomes  bottom.    How  does 

this  show  that  light  travels  in  straight  lines? 

Direct  the  pinhole  toward  a  bright  landscape ;  do  you  get  an  image 

of  it  ?    Is  it  inverted  ? 

247.  How  Does  a  Camera  Work  ?  —  When  we  examine 
a  beautiful,  modern  camera  (Fig.  172),  the  pinhole 
camera    seems   a 


FiQ.  171.  —  The  image  of  the  vase  in- 
side the  pinhole  camera  will  be  reversed 
and  upside  down,  because  the  lines  of 
light  cross  at  the  pinhole.  The  vase 
must  be  brightly  illuminated.  A  candle 
may  be  used  instead. 


r-|i>^--^'a  ^--^-^"^^"^^ 


very  crude  affair 
indeed.  But  when 
we  think  of  it,  we 
see  that  the  real 
camera  is  very- 
much  like  the  pin- 
hole one  after  all. 
The  real  camera 
has  a  lens  in  place 
of  the  pinhole. 
The  lens  gathers  many  more  rays  of  light  and  so  makes 
a  stronger,  more  definite  image.     Instead  of  a  white  spot, 


Fio.  172.  —  In  a  camera  the  lens  gathers  the  rays 
coming  from  each  point  of  an  object  and  brings 
them  to  a  focus  on  the  film. 
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the  camera  has  a  sensitive  plate,  or  film,  on  which  the 
image  of  the  object  can  be  made  permanent.  By  look- 
ing through  an  opening  at  the  back  of  his  camera,  the 
photographer  can  see  the  image  on  a  ground-glass  screen, 
and  can  make  the  lens  bring  the  image  to  a  proper  focus 
before  he  allows  the  image  to  fall  upon  the  sensitive 
plate  and  to  '^  take  the  picture/'  When  everything  is 
ready,  the  photographer  opens  a  shutter  in  the  front  of 
the  camera  for  a  very  short  time,  but  long  enough  to  let 
the  active  rays  of  light  pass  from  the  object  to  the  sensi- 
tive film.  The  film  usually  contains  a  compound  of  the 
metal  sUver.  Wherever  the  light  rays  touch  this  com- 
pound, they  change  it.  Where  the  light  was  strongest, 
the  compound  will  be  changed  the  most. 

« 

You  cannot  tell  that  a  film  or  plate  has  been  changed  until  it  is 
"  developed."  Developing  is  the  process  by  which  the  silver  com- 
pound that  has  not  been  changed  by  the  light  is  washed  off.  The 
chemical  used  is  usually  the  one  called  "  hypo."  After  developing, 
the  outlines  of  the  picture  appear.  Suppose  the  photograph  is  that 
of  a  girl  having  black  hair  and  a  white  dress.  The  black  hair  does 
not  send  many  light  rays  into  the  camera.  Why?  See  §  250.  So 
the  silver  compound  is  not  changed  much  where  the  hair  is  pictured. 
When  the  film  is  developed,  the  hair  appears  as  a  light  spot.  The 
white  dress,  on  the  other  hand,  sends  many  light  rays  to  the  film  and 
these  change  the  silver  compound  a  great  deal.  In  the  developed 
film  the  dress  will  appear  as  a  dark  spot.  Because  white  spots  in  the 
photographed  object  are  black  in  the  developed  film  (see  Fig.  173), 
and  black  spots  in  the  object  are  white  in  the  film,  the  film  is  called 
a  negative.  But  when  the  picture  is  "  printed,"  it  makes  a  positive 
print.  We  make  the  positive  print  by  placing  the  film  over  sensitized 
paper  and  exposing  it  to  the  light  for  a  few  minutes  or  seconds,  the 
time  depending  upon  the  strength  of  the  light  and  the  clearness  of 
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the  film.  The  light  changes  the  substance  on  the  paper  wherever 
there  are  light  spots  in  the  film ;  but  tliat  part  of  the  paper  under  the 
dark  spots  of  the  film  is  left  unchanged.  Then,  when  we  develop  the 
print,  and  remove  the  unchanged  compound,  the  picture  ha.s  tight  and 
dark  spots  just  opposite  the  way  in  which  they  appear  in  the  film  or 
plate.  So  at  last,  in  the  printed  picture,  the  light  and  dark  spots  are 
the  same  as  they  were  in  the  photographed  object. 


Flo.  173.  —  A  positive  and  a  negative  photograph.  The  negative  was  taken 
by  the  camera ;  the  positive  was  priuted  by  light  that  passed  through  the 
neEative, 

In  the  ordinary  kodak,  the  principle  is  the  same  as  in 
the  camera.  Instead  of  having  an  opening  at  the  back 
to  look  through,  you  focus  a  kodak  by  means  of  a  "  finder." 
This  is  a  tiny  box  which  reflects  the  image,  so  that  you 
see  in  it  exactly  how  the  image  will  be  focused  upion  the 
film  when  the  shutter  is  opened. 

248.  What  is  the  Color  of  Sunlight  ?  —  Think  what  this 
world  of  ours  would  be  if  it  were  not  for  color,  and  if  the 
sky  and  water,  sunsets  and  flowers,  were  all  alike  to  us. 
What  is  the  color  of  sunlight?  White,  you  say.  Then 
•  where  do  all  the  wonderful  colors  of  the  objects  we  see  by 
sunlight  come  from  ? 
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Let  us  study  sunlight  by  passing  it  through  a  piece  of 
glass  (see  Fig.  174).  This  time  we  will  not  use  a  glass 
plate,  nor  a  lens, 
but  a  prism,  so 
that  the  light  will 
be  made  to  go 
through  two  glass 
surfaces  which  are 
straight,  but  not 

parallel.  Through         ^^^    ^^^  __  ^j^^  ^j^^^^  jj^j^^  coming  from  the  sun 
a     narrow,      hori-     i^  broken  up  by  a  prism  into  the  rainbow  colors: 
a.   1      Tx       J      -x     VIBGYOR. 

zontal  silt  admit 

a  beam  of  sunlight^  into  a  dark  room,  and  let  it  fall,  or 
reflect  it,  to  a  piece  of  white  paper  on  the  opposite  wall 
of  the  room.  Then  put  the  prism  of  glass  in  the  path  of 
the  sunbeam.  What  happens?  Where  do  the  colors 
come  from?  This  series  of  colored  bands  is  called  the 
solar,  that  is,  the  sun's^  spectrum.  If  you  have  no  prism, 
you  can  use  a  ''  cut ''  chandelier  pendant,  or  a  ''  cut '' 
glass  bowl,  to  break  up  the  sunlight  into  its  colors.  The 
violet  light  is  bent  most,  so  it  forms  the  upper  band  of  the 
spectrum.    Then    come    indigo,    blue,    green,    yellow, 

orange,  and  red. 
Their  initials  form 
the  make-believe 
word,  vibgyor. 
Which  rays  are 
bent  the  least  ? 

Do  you  suppose  we  can  put  these  colors  together  again?    Study 
Fig.  175.    If  we  put  a  second  prism  in  reversed  position,  so  that  it 


<^ 


Fig.  175.  —  When  the  spectrum  colors  are  re- 
united by  being  passed  through  a  reversing  prism, 
white  light  is  produced. 
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catches  the  colored  bands  before  they  reach  the  wall,  the  colors  are 
mixed  once  more,  and  we  have  white  light.  So  we  can  prove,  both 
by  breaking  up  simlight,  and  by  putting  the  parts  together,  that 
white  light  is  composed  of  light  of  many  different  colors. 

249.  What  is  a  Rainbow? — If  you  wish  to  tell  what  a 
rainbow  is,  you  might  call  it  nature's  solar  spectrum. 
Why  ?  What  is  the  order  of  colors  in  the  rainbow  ?  The 
red  is  on  the  outside  of  the  bow,  is  it  not,  and  the  violet 
on  the  inside  ? 

Did  you  ever  see  a  rainbow  at  noon  ?  No ;  to  see  a 
rainbow  we  must  be  looking  at  falling  rain  with  a  rather 
low  sun  behind  us.  The  sim  must  not  be  quite  half  the 
distance  from  the  horizon  to  the  zenith  (see  §  84).  The 
rays  of  sunlight  are  bent  as  they  enter  each  tiny  drop  of 
rain,  then  they  are  reflected  from  side  to  side  in  the  drop, 
and  finally  bent  again  when  they  leave  the  drop.  Did 
you  ever  see  a  rainbow  in  a  waterfall,  or  in  the  spray  of  a 
lawn  sprinkler?    Try  to  make  one  with  the  sprinkler. 

At  sunrise  and  sunset  we  get  colors  from  one  end  of  the 
spectrum  only.    What  are  they  ? 

260.  Why  Does  an  Object  Have  Color?  —  Have  you 
ever  seen  a  woman  who  was  buying  colored  cloth  in  a 
store  that  was  lighted  by  artificial  light?  Probably  she 
took  the  cloth  to  the  window  to  examine  the  color.  Why 
did  she  do  this  ?  She  wished  to  see  what  its  color  was  in 
the  white  light  of  the  sun.  What  is  the  matter  with  gas 
light  or  electric  light  so  far  as  color  is  concerned  ?  It  may 
not  have  in  it  all  the  colors  we  find  in  sunlight,  and  so 
may  make  colored  objects  look  tumatural.  Did  you 
realize  that  the  color  of  an  object  is  the  color  of  the  light 
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rays  it  reflects  to  your  eyes?    So  the  color  the  object 
is  to  reflect  must  be  in  the  light  by  which  we  see  it. 

Put  some  red  tissue  paper  over  an  electric  light  bulb,  and  e:iamine 
objects  of  different  colors  by  the  red  light  produced.  Which  are 
natural?  Which  are  changed?  Produce  yellow  light  and  blue  l^ht 
in  a  similar  way,  and  see  what  the  results  are. 

We  have  studied  the  spectrum  colors;  but  what  are 
white  and  black?  A  black  substance  is  one  that  absorbs 
all  of  the  hght  which  falls  upon  it,  and  reflects  none. 
Soot  is  such  a  substance.  A  white  object  is  one  which 
reflects  all  the  light  rays  that  fall  upon  it.  Why  do  we 
prefer  white  outer  clothing  in  summer,  and  black  in 
winter? 

261.  How  Can  We  "Trap"  Sunlight?  — Have  you 
ever  seen  a  "  cold  frame  "  in  which  vegetables  can  be 
grown  in  the  early 
spring,  long  before 
the  ground  out- 
side is  ready  for 
use?  Examine 
Fig.  176.  It  shows 
a  box  covered  with 
glass  —  a    cold 

name.      A    green-         p^^    176.  — The  cold  frame  traps  the  rays  o( 
house    is    a    much     sunlight,  ohangine  them  into  heat  for  the  growing 

larger  structure  of    ^^  ' 

the  same  sort.     Have  you  ever  thought  that  these  are 

really  traps  to  catch  the  light  of  the  sun  ? 

Hold  a  piece  of  glass  between  you  and  a  hot  stove  and  you  will 
find  that  the  glass  cuts  off  many  heat  rays  of  the  stove.    It  cannot, 
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however,  cut  off  light  rays ;  these  pass  freely  through  it.  If  the  light 
rays  could  be  changed  to  heat,  the  sun's  energy  could  go  through  the 
glass,  but  could  not  get  out,  and  so  would  furnish  a  great  deal  of 
warmth.  This  is  just  what  happens  in  the  cold  frame.  As  the  light 
rays  are  absorbed  by  the  dark  soil,  and  not  reflected,  they  are  changed 
into  heat,  and  warm  the  soil  under  the  glass. 

The  energy  of  the  sun  comes  to  us  in  the  form  of  waves 
(see  §  240),  which  we  call  heat,  light,  and  chemical 
energy.  When,  however,  the  light  waves  and  chemical 
waves  are  absorbed,  they  are  changed  into  heat.  The 
water  vapor  and  clouds  of  the  atmosphere  act  as  a  heat 
trap  for  the  earth,  much  as  the  glass  cover  does  for  the 
cold  frame  (see  §§75  and  79). 

262.  How  Does  the  Eye  See  ?  —  Have  you  ever  real- 
ized how  wonderful  our  eyes  are?  They  are  among  the 
most  delicate  of  our  organs,  and  ought  to  be  prized  and 
cared  for  as  such.  As  you  study  the  eye,  see  if  it  is  not 
much  like  a  camera. 

The  parts  of  the  eye  which  we  see  are :  (1)  the  outer 
covering  of  the  eyeball ;  this  is  called  the  cornea  (k6r'- 
ne-a) ;  (2)  the  iris  (ir'Is),  or  colored  curtain;  (3)  the 
pupil,  which  is  merely  an  opening  through  which  Ught 
rays  pass  in  going  into  the  eye,  just  as  they  pass  through 
the  shutter  of  a  camera.  By  studying  Fig.  177  you  will 
see  that  the  eye  has  a  great  many  complicated  devices 
which  are  not  seen  from  the  outside. 

The  entire  ball  is  covered  by  a  tough,  strong  membrane  called  the 
sclerotic  (skler-6t'Ik)  coat.  In  the  front,  this  coat  is  transparent,  and 
is  called  the  cornea.  Inside  this  heavy  protective  covering  the  eye 
is  divided  into  two  chambers,  or  rooms.  The  crystalline  lens  (see 
§  245)  acts  as  a  wall  of  division  between  them.    These  chambers  are 
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Sclerotic 
Coat 


Aqueous 
Humor 


both  filled  with  a  liquid  which  keeps  the  eyeball  full  and  rounded  out. 
The  liquid  in  front  of  the  lens  is  called  the  aqueous  humor,  which 
means  "watery 
liquid,"  and  that  in  Muscles 

the  large,  back  cham- 
ber is  called  the  vit- 
reous humor,  or 
"  glassy  liquid/'  The 
crystalline  lens  is 
filled  with  a  denser, 
jelly-like  substance. 
The  light  rays  pass 
through  these  three 
transparent  layers. 

In  the  figure  you 
can  trace  the  choroid 
(kor'oid)  coat,  which 


Cornea 


Optic  Nenre 


_  _  'Choroid  Coat 

FiQ.  177.  —  The  eye  consists  of  a  darkened  room 

open  to  light  from  the  front,  through  the  pupil.    The 

Jines  the   back  room     f^^®  ^f  the  pupil  is  regulated  by  the  iris.     The  light 

/.  .,  y     -  is  brought  to  a  focus  apon  the  retina,  which  in  its 

01  tne  eye.     in  iront,     ^^^m  sends  the  sight  message  to  the  brain. 

this  coat  appears  as 

the  iris.  Inside  the  choroid,  in  the  back  of  the  eyeball,  we  find  the 
retina.  The  retina  contains  the  sensitive  endings  of  the  nerve  of 
sight,  or  optic  nerve.  The  blind  spot  is  caused  by  the  coming  to- 
gether of  nerves  from  nerve  endings  all  over  the  retina.  There  they 
all  unite,  and  leave  the  eye  as  the  optic  nerve,  which  carries  sight 
messages  to  the  brain. 

Muscles  attached  to  the  eyeball  hold  it  in  its  place  in  the  head. 
Small  muscles,  inside,  control  the  iris,  making  the  pupil,  or  opening, 
large  when  the  object  is  hard  to  see,  and  small  when  you  are  in  the 
dazzling  sunlight.  Why  is  this  adjustment  needed?  Why  do  you 
set  your  camera  at  "25  seconds  "  on  one  day,  50  on  another,  and 
sometimes  take  a  "  time  exposure  "  ? 


Strong  ligaments,  or  bonds,  are  found  just  back  of  the 
choroid  coat;   they  control  the  shape  of  the  crystalline 
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lens.  When  objects  are  near,  these  Ugaments  become 
loose,  and  the  lens  is  rounded.  This  makes  the  light 
rays  bend  at  a  greater  angle,  and  thus  gets  them  to  a 
focus  on  the  retina.  When  you  are  looking  at  a  distant 
object,  the  rays  enter  the  eye  in  more  of  a  parallel  posi- 
tion. For  that  reason  the  ligaments  are  made  to  ptiU  at 
each  end  of  the  lens,  thus  flattening  it.  As  the  lens  be- 
comes more  flat,  the  rays  are  focused  on  the  retina  with- 
out being  bent  so  much. 

If  the  crystalline  lens  bends  the  hght  rays  too  much, 
and  so  brings  them  to  a  focus  too  soon,  we  are  near- 
sighted ;  if  it  does  not  bend  them  enough,  we  are  far- 
sighted.  If  our  eyes  are  not  perfect,  we  should  consult 
a  skillful  ocuUst,  and  have  him  tell  us  what  kind  of  eye- 
glasses we  need,  so  that  the  eyes  may  be  helped  to  do 
their  work  properly. 

As  your  eyes  are  so  very  delicate,  you  should  give  them 
the  best  possible  care.  Never  rub  the  eyeball  with  your 
fingers,  unless  you  are  sure  they  are  clean ;  the  eye  may 
become  infected.  Never  try  to  read  on  a  moving  train, 
as  the  eyes  are  strained  by  trying  to  follow  the  shaking 
book.    Reading  while  lying  down  is  harmful. 

263.  Exercises.  —  1.  Why  is  the  foaming  top  of  a  wave  white 
("  whitecap  "),  while  the  remainder  of  the  wave  is  blue  or  green? 

2.  If  you  try  to  pick  up  a  stone  from  the  bottom  of  a  stream,  do 
you  find  that  it  is  where  it  seems  to  be?    WTiy? 

3.  What  is  the  rate  at  which  light  travels?    How  long  would  it 
take  light  to  go  once  around  the  earth  at  the  equator? 

4.  If  we  see  a  rainbow  at  7  a.m.,  in  what  part  of  the  sky  will  it  be? 
At  5  p.m.  ? 
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5.  Look  at  a  mirror  in  the  dark,  and  suddenly  turn  on  the  light. 
What  happens  to  the  pupil  of  the  eye?  Bring  a  cat  from  a  dark  room 
into  a  very  light  one,  and  see  what  happens  to  its  eyes ;  why? 

6.  What  is  the  back  of  a  mirror  made  of?  Is  a  water  surface  ever 
a  mirror?    A  varnished  floor?    Name  some  other  mirrors. 

7.  What  position  has  the  earth,  with  respect  to  the  moon  and  sun, 
at  the  time  of  full  moon?  At  the  time  of  new  moon?  At  which  of 
these  times  can  there  be  an  eclipse  of  the  moon?    Why? 

8.  If  you  sit  4  feet  from  a  lamp,  and  your  brother  one  foot  from 
the  lamp,  how  much  more  light  does  he  receive  than  you? 

9.  Is  a  finger  nail  transparent,  translucent,  or  opaque?  A  sugar 
solution?    Milk?    Ice?    Lead?    Greased  paper? 

10.  Do  you  think  that  glass  bottles  left  in  the  woods  might  cause 
forest  fires?    Tell  how. 

Suimnary.  —  We  see  objects  because  they  send  light  rays  to  our 
eyes.  Self-luminous  bodies  send  us  their  own  light;  illuminated 
bodies  send  us  reflected  light. 

Bodies  may  be  transparent,  translucent,  or  opaque. 

Light  travels  in  the  form  of  waves,  at  the  rate  of  about  186,000 
miles  a  second. 

Light  waves  from  the  sun  bring  us  heat  and  chemical  energy  as 
well  as  light. 

Light  may  be  reflected  by  mirrors.  The  angle  at  which  the  light 
leaves  the  mirror  is  the  same  as  that  at  which  it  strikes  the  mirror. 

Periscopes  are  tubes  containing  mirrors  which  reflect  light  "  around 
comers,"  so  that  men  can  see  without  being  seen. 

A  shadow  m  the  region  from  which  light  is  cut  off  by  an  opaque 
object.  If  the  source  of  light  has  a  considerable  area,  its  shadow  will 
have  two  parts :  an  umbra  and  a  penumbra.  In  an  eclipse,  one  heav- 
enly body  passes  through  the  shadow  cast  by  another.- 

The  unit  of  light  brightness  is  the  candle  power. 

When  light  passes  at  a  slant  from  glass  or  water  or  other  trans- 
parent materials  into- air,  it  is  bent  out  of  its  course,  or  refracted. 

Burning  glasses  are  lenses  for  bringing  many  light  rays  together 
at  a  point  called  the  focus. 
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A  camera  is  a  device  in  which  rays  of  light  coming  from  an  object 
are  brought  to  a  focus  upon  a  sensitive  film,  so  that  a  picture  of  the 
object  may  be  produced. 

The  white  color  of  sunlight  is  made  up  of  the  colors  of  the  solar 
spectrum.  When  all  these  colors  are  recombined,  they  produce  white 
light. 

A  rainbow  is  a  solar  spectrum  produced  by  the  bending  and  re- 
flecting of  sunlight  in  many  raindrops. 

We  can  trap  sunlight  in  a  greenhouse  or  a  cold  frame.  The  earth's 
atmosphere  acts  as  a  great  trap. 

The  eye  is  a  wonderful  camera,  in  which  light  rays  from  each  part 
of  an  object  are  brought  to  a  focus  upon  a  sensitive  "  film  "  —  the 
retina.    The  optic  nerve  then  carries  the  sight  message  to  the  brain. 


CHAPTER  XXVII 

LIGHT  IN  THE  HOUSE 

254.  How  Do  We  Get  Sunlight  into  the  House?  — 

The  light  of  the  sun  is  our  symbol  of  health  and  joy,  and 
the  eye  is  the  organ  by  which  we  get  most  of  our  knowl- 
edge and  our  delight  in  our  surroundings.  Why,  then, 
did  primitive  peoples,  and  our  own  ancestors,  only  a  few 
generations  ago,  have  so  Uttle  sunlight  in  their  houses? 
Think  a  minute ;  what  was  the  first  and  most  important 
iLse  of  the  house?  It  was  shelter,  was  it  not?  Shelter 
from  weather  and  from  powerful  animal  and  human 
enemies.  The  castle  itself,  with  its  thick  walls,  often  had 
only  slits  for  windows.     Why? 

Even  when  civilization  came,  and  man  did  not  greatly 
fear  enemies,  except  those  of  the  weather,  the  problem 
of  the  window  was  still  a  hard  one;  for  what  material 
could  he  use  to  fill  the  hole  in  the  wall?  Oiled  paper, 
isinglass,  and  thin  sheets  of  horn  were  used  at  first ;  they 
are  still  used  in  some  less  civilized  communities.  Are 
these  materials  as  good  as  glass?  What,  then,  do  you 
think  of  the  debt  of  gratitude  we  owe  to  the  man,  or  the 
men,  who  made  it  possible  for  us  to  get  cheap  window 
glass  ?  We  shall  feel  that  the  debt  is  much  greater  when 
we  reaUze  that  in  shutting  out  his  larger  enemies  early 
man  shut  in  many  powerful  but  tiny  enemies  he  did 
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not  know  anything  about.  What  were  they?  How 
about  the  germs  of  disease,  which  are  ahnost  sure  to 
flourish  in  the  dark  and  dirty  house  that  has  no  sunlight? 

How  Is  Glass  Hade  ?  —  Do  you  find  it  easy  to  believe  ttmt  so 
brilliant  and  clear  a  substance  as  glass  (see  Figs.  17S  and  179)  can  be 
made  out  of  sand,  limestone,  and  soda?    Vet  this  is  true.    The 


Fio.  179.  —  The  lump  of  soft  ^ass 
Fio.  178.  —  The  glass  blower  blows  attached  to  the  hollow  tube  is  put  ioto 
a  Isrice  lump  or  hot,  softened  glass  the  mold.  The  workmao.  or  a  current 
into  a  hollow  globe.  When  this  is  cut  of  compressed  air.  blows  into  the  glaaa 
open,  and  then  softened  by  heat,  it  lump  until  the  glau  has  the  shape  of 
forms  a  flat  sheet,  the  mold. 

mixture  is  melted  in  fire  clay  pots  about  4  feet  high  and  4  feet  in 
diameter,  until  a  clear,  transparent  liquid  is  formed.  In  some  glass 
factories  a  larger  amount  is  melted  in  a  tank. 

266.  How  Have  Men  Lighted  Their  Houses  at  Night? 

—  Few  stories  are  more  interesting  than  the  story  of  the 
many  ways  in  which  men  have  tried  to  lengthen  the  day, 
for  work  or  plea8iu*e,  by  making  a  light  in  the  house  to 
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take  the  place  of  the  light  of  day.  As  you  know,  the 
pioneers  of  this  country  gathered  around  the  open  fire 
for  light  by  which  to  work  or  read,  as  well  as  for  the  heat 
by  which  to  keep  warm 
(see  §§  23  and  57). 

In  ancient  times  men 
learned  to  bum  grease 
and  oil  in  metal  vessels, 
with  pieces  of   bark,  or 

twisted  moss  or  cloth  to  ^«,re-oift:St:S^!r^5S^ 
serve  as  wicks.    Fig.  180 

shows  a  lamp  such  as  was  used  by  the  Greeks  and 
Romans.  The  Eskimos  still  use  a  lamp  of  this  sort,  with 
blvhber  as  the  fuel  (see  §  57) .  The  flame  is  often  two  feet 
high.  Can  you  imagine  yourself  doing  without  a  furnace, 
a  range,  and  electric  lights,  and  having  only  one  greasy, 
bad-smelling  lamp  instead  ? 

Candles.  —  As  the  old  lamps  were  easily  spilled,  and  were  heavy 
and  inconvenient,  the  talloiv  candle  was  invented.  Tallow  is  a  grease 
which  is  very  hard  when  cold.  To  make  a  candle,  men  dipped  the 
wick  into  melted  tallow;  then  took  it  out  until  the  tallow  cooled; 
and  then  dipped  it  again  and  again  until  the  candle  was  of  the  proper 
size.    Do  you  think  this  was  a  rapid  or  a  slow  process? 

A  more  rapid  way  is  to  fasten  the  wick  in  a  hollow  mold,  and  to 
pour  the  melted  tallow  around  the  wick.  When  the  tallow  hardens, 
the  wick  is  embedded  in  it. 

Watch  a  candle  burn,  and  see  the  little  bowl  of  melted  grease  that 
supplies  the  wick  with  fuel. 

266.  How  Do  Kerosene  Lamps  Work  ?  —  Your  grand- 
parents will  probably  remember  the  first  kerosene 
lamps,  which  came  into  use  about  1860.    Petroleum  had 
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just  been  discovered,  and  when  it  was  distilled  it  gave 
kerosene,  gasolim,  and  other  combustible  liquids.  So  men 
turned  back  from  the  solid  candle  to  the  oil  lamp.  But 
kerosene  took  fire  so  easily  that  they 
had  to  invent  a  lamp  in  which  to 
burn  it.  This  consisted  of  a  bowl 
and  a  wick,  like  the  older  lamps,  but 
there  was  a  burner  to  hold  the  ivick, 
as  well  as  to  hold  the  chimney,  and 
to  allow  an  even  current  of  air  to  flow 
constantly  past  the  burning  kero- 
sene of  the  wick.  The  chimney  pro- 
tected the  flame  from  other  drafts, 
and  carried  away  the  gases  formed 
in  the  burning.  What  were  they, 
probably?    Thus  a  strong,  br^t, 

Fio.  181.  —  In   he  cen  a  j         j 

ter-dr»ft  ke  osen     amp     even  flame  was  produced. 

air  passes  up    h  ough    he 

ceni«r   of     he   lamp    so  Some  lamps  have  a  center  draft  (see  Fig. 

that  the  ke  osene  on    he      jgij  .    t^jg  allowH  more  air  to  enter,  and  a 
a  lar^^Mnoun ''of  air  "         larger  wick  to  be  used.     As  a  result  the  llame 
is  very  bright. 
Examine  a  "  blue  flame  "  kerosene  stove,  and  find  out  what  kind 
of  burner  it  has. 

267.  How  Do  We  Get  Light  from  Gas?  —  Have  you 
ever  seen,  in  the  city,  the  large  gas  tanks  that  rise  out  of 
the  ground  like  giant  toadstools?  In  them  the  gas  for 
the  city  is  stored.  How  do  you  suppose  this  gas  is  made? 
Some  of  it  is  natural  gas,  which  is  found  in  the  rocks  of 
the  earth  in  certain  places ;  but  most  of  it  men  make 
by  heating  soft  coal,  or  by  passing  steam  over  red-hot  coke 


LIGHT  IN   THE   HOUSE  303 

or  coal.     Gas  is  carried  to  our  houses  in  iron  pipes.     The 
joints  must  be  made  carefully,  because  the  gas  is  under 
pressure;    and  any  leak  must  be  attended  to  at  onoes. 
Most  gas  is  poisonous,  and  a  person  in  a 
closed  room  may  continue  to  breathe  it 
until  death  results.     Then,  too,  there  is 
danger  of  fire,  if  a  flame  is  brought  near 
a  pipe  in  which  there  is  a  leak. 

The  old  way  of  burning  illuminating  gas  was  to 
pass  it  through  a  slit  that  gave  the  flame  a  "  fieh- 
taQ  "  form.  The  modem  way  i^  to  usie  a  gas  burner 
of  the  foira  Jmown  as  a  Bunsen  burner,  which  mixes 
so  much  air  with  the  gas  that  it  bums  with  a  color- 
less flame ;  this  flame  is  very  hot.  How  can  a 
.  colorless  flame  be  made  to  give  us  light?  It  is 
allowed  to  heat  a  "  mantle,"  and  this  ta  turn  gives 
off  a  brilliant,  white  light  (Fig.  182). 

Examine  a  gas  stove  and  its  burners.     Gas  stoves 
are  really  Bunsen  burners,  like  those  of  the  mantle    ^^^^ 
light.    There  are  openings  in  the  side  of  each  burner 
through  which  air  is  drawn  in  by  the  ruBhing  gas.     The  mixture  of 
gas  and  air  bunw  with  a  colorless  flame,  without  soot,  but  very  hot, 

268.  How  Does  a  Fuse  Box  Protect  a  House  ?  —  Is 
there  any  danger  from  the  electric  light  in  our  houses? 
Read  §  228.  There  we  learned  that  electric  light  wires 
mi^t  be  insulated  carefully,  and  that  builders  take 
special  care  to  keep  the  wires  away  from  wood  and  from 
one  another,  using  porcelain,  or  rubber,  tubes,  and  metal 
pipes,  or  conduits,  for  the  purpose.  The  danger  is  that 
a  spark  may  pass  from  one  wire  to  another,  or  that  the 
current  intended  for  several  wires  may  all  be  loaded  upon 


Fio.  182.  — In 
the  mantle  lisbt 
B  Bunsen  flame 
heats  the  film  of 
oiides  of   certain 

These  become  in- 
candescent, nnd 
give  off  a  brilliant 
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one  of  them,  and  this  may  become  hot  enough  to  set 
wood  on  fire.    If  the  wires  were  very  thick,  a  great  deal 

of  this  danger  might  be  avoided ;  but 
as  copper  is  expensive,  the  smallest 
possible  wires  are  generally  used. 


t' Enter* 


V-^ 


Fiuenug* 


To  take  care  of  the  danger  from  heated  wirts 
men  provide 'each  circuit  with  a  fuse  through 
which  the  current  of  that  circuit  must  pass. 
These  "^^uses  are  generally  placed  in  a  metal  box 
(see  Fig.  183),  or  a  box  lined  with  asbestos 
board.  The  "  switch,"  through  which  the  cur- 
rent from  the  outside,  "  service  "  line  enters  the 
house,  is  usually  in  the  same  box.  Find  the 
fuse  box  and  switch  in  your  house  and  ex- 
amine them  carefully.  TMien  we  open  the 
switch,  we  cut  off  the  current  from  the  house. 
We  ought  always  to  do  this  when  any  work 
is  being  done  upon  the  electric  system  of  the 
house. 

Examine  a  "  fuse  plug  " ;  it  contains  a  short 
piece  of  wire  made  of  an  alloy  of  metals  that 
will  melt  at  a  rather  low  temperature.    When 
any  circuit  becomes  too  hot,  because  of  the 
extra  load  it  is  carrying,  the  fuse  on  that  circuit  melts,  and  the  cur- 
rent will  not  flow  until  a  new  fuse  is  put  in. 


Fig.  183. —  a  fuae 
box  consists  of  a  set  of 
"fuse  plugs"  each  con- 
taining a  short  piece  of 
easily  melted  wire.  The 
wire  melts,  and  breaks 
its  circuit,  before  the 
circuit  is  hot  enough  to 
set  the  house  on  fire. 


269.  How  are  Gas  and  Electricity  Measured  ?  —  Do 

you  know  how  the  amount  you  owe  for  electricity  and 
gas  is  calculated?  Possibly  you  do,  for  you  may  have 
seen  your  meters  read.  A  man  comes  once  a  month  for 
this  purpose.  You  pay  for  the  amount  of  electricity  or 
gas  which  has  run  through  the  meter  since  the  last  reading 
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was  made.  This  is  the  record  of  all  that  has  left  the  gas 
main  or  electric  service  line  and  entered  the  house  where 
it  was  used.  Thus,  the  difference  between  the  reading 
of  the  meter  on  March  1st  and  on  April  1st  is  the  amount 
of  gas  or  electricity  you  have  used  during  the  month  of 
March.  People  often  complain  because  their  gas  and 
electricity  bills  are  so  high.  Don't  you  think  you  ought  to 
be  able  to  read  your  own  meters,  so  as  to  save  trouble  and 
argument  as  to  whether  From  Mam 
or  not  the  bills  are  fair? 
Gas  and  electric  meters, 
while  alike  in  general,  are 
read  in  different  units. 

260.  How  is  a  Gas 
Meter  Read  ?  —  Gas  is 
measured  in  cubic  feet 
and  paid  for  at  so  much 
a  cubic  foot.  The  meter 
(Fig.  184)  is  a  metal  box 
havmg  four  dials  on  its 
face.  The  top  dial  regis- 
ters every  foot  of  gas 
which  goes  through  the 
meter.  When  this  dial 
moves  around  once,  5 
cubic  feet  of  gas  have  gone 
through  the  meter.  When 
it  has  gone  around  20 
times,  100  cubic  feet  of  gas  have  been  used,  and  the  hand 
on  the  lower  right-hand  dial  will  have  moved  from  0  to  !• 


Fig.  184.  —  The  gas  meter  measures 
the  amount  of  gas  that  enters  the  house 
from  the  gas  company's  '* mains." 
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When  this  hand  has  registered  100  for  10  times,  and  the 
pointer  is  at  0  again,  the  dial  to  the  left  of  it  will  have 
moved  from  0  to  1  and  1,000  feet  of  gas  will  have  been 
used.  When  the  top  dial  and  the  1,000  dial  have  moved 
enough  to  bring  the  pointer  on  the  10,000  dial  back  to  0, 
10,000  cubic  feet  have  gone  through.  How  many  times 
would  the  top  dial  revolve  to  make  the  one  under  it  re- 
volve once? 

The  dial  on  the  left  registers  10,000  cubic  feet  every  time  it  moves 
from  one  number  to  the  next ;  when  its  point  has  gone  entirely  around, 
100,000  cubic  feet  have  been  consumed,  and  the  meter  must  be  started 

over  again'. 

Watch  your  meter  when  the 
oven  of  your  gas  stove  is  burn- 
ing and  a  good  deal  of  gas  is 
being  used.  How  much  gas 
is  used  between  each  two 
"clicks"?  Write  out  the 
reading  of  the  meter  in  the 
figure. 


261.  How  is  the  Elec- 
tric Meter  Read?  — 

Electricity  cannot  be 
measured  by  the  cubic 
foot,  but  is  measured  in 
watt-hours  or  kilowatt- 
hours.  On  the  large 
scale,  electricity  is  sold 
by  the  kilowatt-year.  A 
kilowatt  is  1,000  watts.  A  watt-hour  is  an  electric  power 
of  one  watt  working  for  one  hour.    The  watt  is  nam^ed 


Fig.  186.  —  The  electric  meter  is  a 
delicate  motor  which  is  used  to  measure 
the  amount  of  electric  current  that  enters 
the  house  circuits. 
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for  James  Watt,  who  invented  the  steam  engine.    When 
did  he  Uve  ? 

In  the  electric  meter  (see  Fig.  185)  the  dial  on  the  t^ht  registers  up 
to  10  kilowatt-hours,  the  next  one  to  100,  the  third  one  to  1000,  and 
the  one  on  the  left  to  10,000.  How  do  the  readings  differ  from  those 
of  the  gas  meter?  Write  down  the  readings  of  the  meter  shown  in 
the  figure. 

262.  What  is  the  R^t  Way  to  Use  Light?  — When 
you  go  home  in  the  afternoon  to  study  your  next  day's 
lessons,  do  you  pay  any  attention  to  the  way  in  which 


1.  188.  —  The  right  and  the  wrong  wav 

'  to  use  a  table  lai 

which?     A  strong  light  should  never  li 

V  rcflGrJed  directly  ti 

you  seat  yourself  near  the  window  from  which  you  are  to 
get  light?  Then,  when  you  sit  down  to  read  in  the  eve- 
ning, do  you  think  whether  the  bright  light  of  the  lamp 
comes  directly  into  your  eyes,  or  whether  it  is  reflected 
into  your  eyes  by  the  page  of  your  book  (see  Fig.  186),  or 
whether  it  comes  to  your  eyes  in  mellow,  diffused  form, 
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strong  enough  for  easy  reading,  but  not  strong  enough 
to  be  dazzling  and  uncomfortable?  Don't  you  think 
you  ought  to  be  concerned  to  get  as  good  light  as  possible 
for  your  eyes?  The  reward  of  having  good  eyesight  is 
certainly  worth  the  Uttle  effort  it  takes. 

In  the  first  place,  we  should  never  read  or  do  sewing 
with  direct  sunlight  upon  the  page  or  the  work,  because 
the  sun's  light  is  too  bright  to  be  reflected  directly  into 
our  eyes.  Neither  should  we  attempt  to  read  or  write 
or  do  sewing  in  a  waning  Ught,  as  in  the  evening  twilight. 
As  the  light  grows  more  and  more  dim,  the  eye  is  strained 
in  trying  to  adjust  itself. 

The  light  by  which  we  see  our  work  should  come,  if  possible,  from 
above  us.  That  is  the  natural  way  for  light  to  come,  is  it  not?  We 
must  remember  that  our  eyes  are  protected  from  the  sun's  light  in 
the  middle  of  the  day.  They  are  set  in  deep  sockets,  and  protected 
by  the  forehead,  the  eyebrows,  and  the  eyelashes.  But  all  these  fail 
to  shield  the  eyes  from  light  which  comes  to  us  on  a  level  with  our 
eyes,  or  from  below.  Think  how  hard  it  is  for  us  to  see  when  a  bright 
sun  is  shining  upon  snow,  or  upon  water,  or  upon  a  white  concrete 
pavement  at  midday. 

Inside  a  building  also,  as  in  an  office  or  a  schoolroom,  light  should 
come  to  us  from  the  upper  part  of  windows,  rather  than  from  the  lower 
part,  if  this  is  possible,  so  that  it  may  not  strike  our  eyes  horizontally. 
It  should  not  come  to  us  from  the  front;  for  then  it  shines  directly 
into  our  eyes ;  nor  should  it  come  from  behind  us ;  for  then  our  desk 
or  table  will  be  in  the  shadow  of  our  body.  If  we  are  right-handed, 
the  light  should  not  come  to  us  from  the  right  when  we  are  writing  or 
working  problems ;  for  then  the  shadow  of  our  hand  and  arm  will  be 
upon  the  part  of  the  page  upon  which  we  are  working.  So  it  is  best 
for  the  right-handed  person  to  have  the  light  come  over  the  left 
shoulder. 
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263.  What  is  Indirect  Lighting?  —  Have  you  ever 
noticed  the  windows  of  a  photograph  gallery?  From 
which  direction  does  it  get  its  Ught?  From  the  norths 
does  it  not  ?  Is  it  not  strange  that  a  photographer  in  the 
Northern  Hemisphere  should  prefer  to  get  Ught  from  *the 
north,  when  the  sun  is  in  the  southern  part  of  the  sky? 
But  the  photographer  wants  light  that  is  of  the  same 
brightness  everywhere;  so  he  takes  his  light  from  the 
northern  sky.  Here  sunUght  is  diffused  (see  §  240),  or 
spread  out,  because  it  is  all  reflected  irregularly  by  the 
atmosphere. 

Have  you  ever  seen  factories  with  saw-tooth  roofs,  in 
which  there  are  several  sections  of  the  roof ;  so  that  a  large 
number  of  windows  can  be  near  the  ceiling  and  their 
Ught  can  come  from  the  north?  If  a  roof  has  a  nearly 
flat  skyUght,  from  what  parts  of  the  sky  will  the 
Ught  come?  Some  schoolrooms  are  lighted  in  a  similar 
way. 

Is  it  possible  to  get  this  diffused,  irregularly  reflected 
Ught  when  we  have  artificial  Ughting  ?  The  rules  we 
must  follow  are  Uke  those  we  use  in  Ughting  by  diffused 
sunlight.  The  light  should  come  from  above;  but  in 
order  that  it  may  be  spread  evenly  through  the  room  it 
should  not  come  from  a  single  bright  Ught  placed  in  the 
center  of  the  room.  Rather  it  should  come  from  many 
smaller-  lamps  placed  on  the  walls.  Have  you  not  seen 
the  large  chandeliers  in  the  center  of  some  halls,  which 
send  a  mass  of  dazzling  light  into  a  person's  eyes  as  he 
tries  to  look  at  the  speaker  on  the  platform?  Many 
houses  have  their  Ughting  spoiled  in  the  same  way. 
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In  the  so-called  indirect  system  of  lightiog  wp  do  not  get  the  direct 
light  of  the  lamps  at  all  (see  Fig.  187).  You  have  probably  seen  this 
system  in  use  in  some  library,  or  hall,  or  office,  or  bank ;  perhaps  in 
some  house.  You  do  not  see  the  source  of  the  light  Iwcause  the  lamps 
are  in  a  recess,  or  groove,  near  the  top  of  the  walls,  and  you  get  only 


the  irregularly  reflected  light  from  the  ceiling  and  the  upper  part  of 
the  walls. 

Even  if  we  cannot  have  a  real  indirect  lighting  system  in  the  house, 
we  can  have  some  of  its  advantages.  If  we  have  a  central  cluster  of 
lamps  in  a  room,  we  can  get  much  of  the  effect  of  indirect  lighting  if 
we  have  a  large,  white  bowl  under  the  cluster.  The  U?ht  that  gets 
through  is  much  more  comfortable  to  the  eyes,  and  a  large  amount  of 
it  is  reflected  from  the  ceiling.    Then,  too,  the  various  kinds  of  mantle 
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and  electric  lamps  have  ground  or  opal  glass  globes  or  shades,  which 
we  can  use  to  get  a  more  diffused  light  in  our  room.  If  we  have  to 
study  by  the  light  of  a  table  lamp,  it  should  by  all  means  have  a  green 
shade.  If  we  have  to  study  by  a  direct  ceiling  light,  we  should  wear 
such  a  shade  ourselves.  Can  you  tell  why  the  green  of  the  shade  is 
so  agreeable  to  our  eyes? 

We  must  remember  that  much  of  the  effect  of  any 
lighting  system  depends  upon  the  color  of  the  walls  of  a 
room,  upon  whether  they  are  rough  or  smooth,  and  upon 
the  decorations  used.  A  well-Ughted  home  does  not  just 
'^happen'';  it  must  be  planned  with  intelligence. 

264.  Exercises.  -^  1.  Report  to  the  class  a  method  by  which  you 
could  make  illuminating  gas.    See  Fig.  25,  §  36. 

2.  Report  to  the  class  all  the  uses  of  glass  that  you  can  think  of. 

3.  How  is  window  glass  cut  into  pieces  of  a  certain  size? 

4.  In  case  a  small  gasoline  or  kerosene  stove  were  tipped  over 
while  lighted,  what  would  you  do?  Would  it  be  best  to  put  water 
upon  the  fire?  Would  you  put  a  rug  over  it?  What  do  you  think 
would  be  the  effect  of  throwing  baking  soda  upon  the  fire?  Note: 
Baking  soda  gives  off  carbon  dioxide  very  easily  when  heated. 

5.  If  you  blow  out  a  kerosene  lamp  flame,  you  can  relight  it  if 
you  bring  a  lighted  match  at  once  above  the  wick.  Tell  why.  See 
§  28. 

6.  If  you  wish  a  match  to  burn,  do  you  hold  its  head  up,  or  down? 
Why? 

7.  Do  you  think  it  is  a  good  practice  to  heat  a  closed  room  with  a 
kerosene  lamp?    Why? 

8.  Why  does  a  gas  "  mantle  "  give  off  more  light  than  the  flame 
which  heats  it? 

9.  Is  it  worth  while  to  continue  to  use  an  incandescent  bulb  which 
becomes  very  hot  when  lighted ?    Why? 

10.  What  kind  of  gas  is  used  in  your  house?  How  much  does  it 
cost  for  a  thousand  cubic  feet?    How  much  did  you  use  last  month? 
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11.  How  many  incandescent  bulbs  are  there  in  your  house?  Do 
you  use  electricity  for  any  other  purpose  than  for  lighting  ?  How  much 
electricity  did  you  use  last  month  ?  How  much  for  each  bulb  ?  What 
is  the  cost  of  your  electricity  for  each  kilowatt-hour? 

12.  Give  all  the  reasons  you  can  think  of  for  having  as  many 
windows  as  possible  in  a  house. 

Sununaiy.  —  Sunlight  is  needed  in  our  houses,  for  health  as  well  as 
for  light. 

Early  methods  of  lighting  were  open  fires,  wick  lamps,  and  candles. 

Kerosene  lamps  had  wicks  and  burners,  as  well  as  chimneys,  to 
bring  a  constant  supply  of  air  to  the  burning  fuel. 

Gas  is  "  natural  gas  "  or  "  artificial  gas."  Artificial  gas  is  made 
from  coal,  or  from  coal  and  steam. 

Gas  stoves  and  mantle  lights  use  the  principle  of  the  Bunsen  burner. 

Fuse  boxes  are  used  in  our  house  circuits  to  prevent  an  overheated 
electric  wire  from  setting  fire  to  the  house. 

Gas  and  electricity  are  measured  by  meters. 

We  should  use  care  with  regard  to  the  amount  of  light  by  which 
we  work  or  read,  and  with  regard  to  the  way  in  which  it  strikes  our 
eyes. 

Diffused  light  is  better  than  direct  light,  and  indirect  lighting  in 
our  houses  and  buildings  is  most  comfortable  to  the  eye. 

The  color  and  the  decorations  of  our  rooms  have  a  great  deal  to  do 
with  the  Ughting. 


CHAPTER  XXVIII 

THE   SOUNDS   WE   HEAR 

266.  What  Causes  a  Sound  ?  —  Hasn't  someone  ever 
startled  you  with  this  remark :  ^^  How  still  it  is  tonight  "  ? 
The  sounds  made  by  insects,  trains,  automobiles,  water, 
the  wind  through  the  trees,  birds,  horses,  and  the  sounds 
made  by  human  beings,  all  had  suddenly  stopped.  These 
sounds  come  to  us  practically  all  the  time;  so  that  we 
grow  used  to  hearing  them.  Then  if  they  cease,  as  they 
sometimes  do,  we  are  aware  of  the  silence.  What  is  the 
nature  of  sound  ?  Is  it  like  light,  possessed  by  certain 
bodies  only?  Where  does  it  come  from?  In  answer  to 
these  questions  carry  out  the  following  experiments: 

Hold  a  common  table  fork  (or,  better,  a  tuning  fork)  lightly  by  the 
handle,  and  strike  its  tines  against  the  table!  Then  hold  the  fork  in 
the  air.  What  happens?  You  say  it  makes  a  ringing  sound.  Why 
does  it  give  off  sound  ?  The  fork  was  lying  on  the  table  a  few  minutes 
before,  and  no  sound  came  from  it.  Strike  the  fork  again,  and  hold 
it  against  a  sheet  of  paper,  such  as  a  folded  newspaper,  while  it  rings. 
What  happens?  Strike  it  once  more,  and  this  time  let  it  touch  the 
edge  of  an  empty  glass.  Also  try  it  upon  the  surface  of  a  glassful  of 
water.  What  happens  to  the  water  while  the  fork  is  ringing?  The 
fact  is  that  the  paper,  the  glass,  and  the  water  are  being  struck  by 
the  sounding  fork  and  set  in  motion  by  it.  See  Fig.  188.  The  reason 
why  a  sound  results  after  you  strike  the  fork,  is  that  the  fork  is  moving 
rapidly  to  and  fro.    We  say  it  is  vibrating.    All  sound  is  due  to  the 
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vibration,  or  motion,  of  some  nmt«rial.  It  may  be  a  sounding  violin 
string,  or  it  may  be  a  ctap  of  thunder ;  but  it  is  some  material  in  motion. 
A  piano  stands  without  a  sound  until  some  one  touches  a  key.  This 
key  is  so  arranged  that  when  it  is  pressed,  it  causes 
a  wire  to  be  struck,  and  made  to  vibrate.  In  speak- 
ing or  singing  we  set  two  membranes  in  the  throat 
(the  vocal  cords)  to  vibrating  (see  §  388).  We  do 
this  by  forcing  air  through  a  slit  between  them. 
These  vibrations  of  matter  cause  the  air  to  vibrate 
and  the  air  vibration  is  carried  to  the  ear,  causing 
us  to  hear. 

Fio  188— Tha  ^^^'  ^^^^  substancc  besides  air  carry 

Bovmdina  fork  is  sound  ?     Hold  your  ear  close  to  one  end 

^"/"^^  cannot  of  ^1  iron  steam  or  water  pipe,  and  have 

follow  it.  but  the  someone  scratch  with  a  pin,  or  a  small 

aprays  of  water  tell  .  i      i-     i  ■  .-. 

the  fliory.  nail,  at  the  other  end  of  the  pipe.     Can 

you  hear  the  sound  ?  Can  you  hear  it  as 
well  when  your  ear  is  not  near  the  pipe  ?  Try  the  same 
problem  with  a  wooden  pole,  or  a 
yard  stick.  Do  iron  and  wood  con- 
duct sound  as  well  as  air,  or  better? 
Sound  may  be  carried  by  water,  the 
earth,  and  other  things  also,  but  air 
is  the  most  common  carrier.  You 
can  make  a  string  telephone  out  of 
two  tin  cans  and  a  long  etiough 
string  and  talk  to  a  friend  one  or  two 
hundred  feet  away.  The  string  is 
passed  through  a  small  hole  in  the 
bottom  of  each  can,  and  knotted  to  keep  it  from  slipping 
out.     The  string  must  be  tightly  stretched,  and  must  not 


I  n  jar  Rontaiaing 
he  sound  grows 
and  Fainter  as  the 
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touch  anything  but  the  cans.     A  waxed  linen  thread  can 

be  used  instead  of  the  string,  also  a  fine  copper  wire. 

Sound  will  not  be  carried  through  a  vacuum  (see  Fig.  189). 

Sound  travels  through  the  air  much  more  slowly  than 

light,  but  even  so  it  goes  about  1126  feet  a   second. 

About  how  long  will  it  take 

to  travel  a  mile?     What  is 

the  speed  of  light?     If  you 

hear  the  thunder  caused  by  a 

flash  of  lightning  10  seconds 

after  you  see  the  flash,  how 

far  away  is  the  flash?     Sound 

travels  In  waves  that  spread 

out  in  all  directions  (see  Fig. 

190)  from  the  sounding  body. 

irn. .1.    .  _j   1  1  Fio-  190.^ — Sound   is   carried  by 

When  we  say  that  sound  travels    ^^  ^j,  ;„  ^^^  ^ph^^cal  wave«.  J- 

1126  feet  a  second,  we  do  not  mean     ccpt  as  their  shape  is  changed  by 

that  the  air  particles  travel  that    "'>J«'^f'  '"  *>«  "«J'-    ^'»'  ^°^  » 
t  rtv.  1  Bound  grow  fainter  with  distance  T 

far.     Ihey  may  move  only  a  very 

sbort  distance,  but  they  give  their  motion  to  the  particles  next  to 

them,  and  these  pass  the  motion  to  those  still  farther  on.     So  the 

wave  of  sound  travels  great  distances,  while  the  air  particles  move 

only  a  short  distance. 

266.  How  Do  We  Hear?  —  Think  how  wonderful  our 
hearing  is.  The  ear,  our  instrument  for  receiving  sound 
waves  and  for  giving  the  sensation  of  hearing  to  our 
brain,  is  just  a  small  cavity  in  the  bone  at  the  side  of  the 
head,  but  much  of  our  pleasure,  as  well  as  usefulness  in 
life,  depends  upon  it.  Therefore  we  should  take  care  to 
prevent  defective  hearing.     School  children  who  seem 
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dull  and  stupid  are  often  suffering  from  bad  hearing.     If 
you  have  the  earache  or  cannot  hear  easily,  you  should 
see  a  good  physician  immediately.     Never  remove  the 
wax  from  your  ear  with  a  pointed  instrument.     Nature 
provides  for  a  gradual  removal  of  wax  by  pushing  it  out 
into  the  outside  ear.     Sometimes  wax  forms  a  hard  lump 
in  the  ear,  and  does  not  come  out  easily.     Then  a  doctor 
should  be  the  one 
to  remove  it,  as 
he  can  do  it  skill- 
fully, without  in- 
jury to  the  deli- 
cate ear  tissues. 

The  ear  is  com- 
posed of  three 
parts,  namely : 
the  outer  ear,  the 
middle  ear,  and 
the  inner  ear  (Fig. 

Fio.  191.  —  The  ear  is  a  wonderful  mechaniam for      191).      The  SOUnd 
carrying  sound  diBturbanies  from  the   outer  air  to  ,  . 

the  nerve  of  hearing  and  then  to  the  brain..  W^VeS  are  CaUght 

in  the  funnel- 
shaped  outer  ear,  and  pass  through  the  auditory  canal. 
The  auditory  canal  is  really  a  part  of  the  outer  ear,  and 
leads  to  the  middle  ear,  from  which  it  is  separated  hy  a 
membrane  (the  tympanic  (tIm-pSn'ik)  or  "  drum"  mem- 
brane). The  middle  ear  is  called  the  ear  drum.  The 
membrane  stretched  across  the  auditory  canal  corre- 
sponds to  the  drumhead.  To  it  is  attached  a  small 
bone  commonly  called  the  hammer.     This  is  joined  to 
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another  bone,  the  anvil,  which  in  turn  is  fastened  to 
another,  the  stirrup.  This  chain  of  three  bones  reaches 
across  the  middle  ear,  and  the  last  bone  rests  against  the 
membrane  separating  the  middle  ear  from  the  inner  ear. 
Another  canal,  called  the  Eustachian  (yus-tak'I-an)  tube, 
forms  a  passage  from  the  throat  into  the  middle  ear. 
There  is  no  membrane  over  this  canal,  and  it  is  there 
simply  to  make  the  air  pressure  the  same  on  both  sides 
of  the  drumhead,  or  tympanic  membrane. 

To  understand  the  way  in  which  the  Eustachian  tube  helps  the 
tympanic  membrane,  perform  the  following  experiment : 

Take  a  clay  pipe  such  as  you  use  in  blowing  soap  bubbles,  stretch 
a  thin  rubber  membrane  moderately  tightly  over  the  bowl,  and  tie  it 
securely.  Then  blow  a  little  air  through  the  stem  of  the  pipe.  The 
air  makes  the  membrane  bulge  out,  and  if  the  rubber  is  fastened 
tightly  enough  at  the  edges,  it  stretches  until  it  bursts.  Now  if  an 
equal  amotmt  of  pressure  were  being  put  upon  the  rubber  from  the 
outside,  the  thin  sheet  of  rubber  would  not  bulge  either  way.  It  is 
the  same  in  the  ear.  When  we  hear  a  loud  noise,  great  sound  waves 
rush  into  the  ear  and  hit  the  tympanic  membrane,  making  a  pressure 
upon  it.  At  the  same  time,  other  parts  of  the  waves  enter  the  nose 
and  mouth  and  go  up  the  Eustachian  tube.  There  they  equalize  to 
some  extent  the  pressure  on  the  outer  side  of  the  membrane,  so  that 
the  membrane  is  not  in  danger  of  being  broken.  Of  course  the  pres- 
sure is  not  entirely  equalized,  or  there  would  be  no  vibration  of  the 
tympanum,  and  we  should  hear  no  sound.  Often  earache  is  caused 
by  a  bad  sore  throat,  because  the  Eustachian  tube  is  swollen  and  can- 
not do  its  work  properly.  In  rapidly  ascending  an  elevation,  such  as 
Pikes  Peak,  why  do  you  feel  better  if  you  open  your  mouth?  When 
cannon  are  being  fired,  the  gunners  near  by  are  taught  to  open 
their  mouths,  so  that  the  pressure  at  the  time  of  the  explosion  will 
be  nearly  the  same  on  both  sides  of  the  tympanic  membranes  of  their 
ears. 
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The  inner  ear  is  filled  with  Uquid.  The  first  part  of  it 
is  called  the  vestibule,  and  the  end  is  a  snail-shaped  canal 
called  the  cochleii  (kok'le-fi).  In  this  part  are  the  fibers 
of  the  auditory  nerve,  or  nerve  of  hearing.  All  the  rest 
of  the  ear  exists  for  this  part*  The  sound  waves  are 
caught  by  the  outer  ear  and  passed  down  the  auditory 
canal,  causing  the  tympanic  membrane  to  vibrate.  The 
three  middle-ear  bones  are  set  to  vibrating,  because  the 
first  is  attached  to  the  tympanum.  The  last  bone  causes 
a  vibration  of  the  membrane  between  the  middle  ear  and 
the  inner  ear.  This  membrane  moves  the  liquid  in  the 
inner  ear.  The  nerves  in  the  cochlea  register  the  move- 
ment of  the  liquid,  and  send  a  sound  message  to  the 
brain.  Then  we  hear.  Can  you  trace  the  sound  wave 
from  the  time  it  is  caused  by  the  moving  tuning  fork 
until  we  hear  the  sound? 

In  the  inner  ear  there  are  also  found  the  semicircular 
canals.  These  are  not  hearing  organs,  but  give  us  the 
sense  of  balance.  By  them  we  know  when  we  are  stand- 
ing erect,  when  leaning,  and  in  what  direction.  Does  an 
aviator  have  any  special  use  for  these? 

267.  What  Causes  an  Echo  ?  —  Much  as  a  ball  thrown 
against  a  wall  hounds  hack,  and  as  a  ray  of  light  strikes  a 
mirror  and  is  reflected  back,  so  the  air  vibration  we  call 
sound  strikes  a  surface  and  is  thrown  back  again.  We 
call  this  echo.  If  we  stand  in  an  open  place  and  call,  we 
often  hear  our  call  come  back  to  us  after  a  second  or  two 
(see  Fig.  192).  We  sent  the  sound  wave  out  into  the 
air ;  it  traveled  through  the  air  until  it  struck  a  cliff,  or  a 
side  of  a  building,  or  a  wall,  or  some  other  surface.    There 
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it  was  turned  and  sent  back  to  us.  By  the  time  the 
repeated  call  returns,  the  first  call  has  been  heard.  Now 
it  is  heard  a  second  time  in  its  echo. 


In  a  small  room  the  sound  waves  strike  the  wall  and  return  so 
quickly  that  the  echo  mingles  with  the  original  sound,  and  we  do  not 
hear  the  echo.  In  some  laige  halls  the  sound  wavei;  are  reflected  back 
in  such  a  way  that  yoii  receive  the  echo  of  one  word  while  another  is 
being  spoken.  This  is  very  confusing;  hence  an  architect  tries  to 
construct  his  walls  in  such  a  manner  that  the  reflecting  surfaces  do  not 
give  an  echo.  Hanging  draperies  are  often  ii.sed  to  break  such  an  echo ; 
so  are  wires  strung  across  a  hall.  The  walls  of  a  hall,  if  properly 
built,  aid  a  speaker  by  their  reflecting  surfaces.  That  is  why  it  is 
easier  to  speak  indoors  than  it  is  in  the  open.  In  a  mountainous 
country,  a  sound  is  thrown  from  one  cliff  to  another  and  may  be  heard 
many  times  before  it  finally  dies  away.  The  rumbling  of  thunder  is 
the  original  sound  combined  with  several  echoes  made  when  the  first 
sound  is  reflected  back  from  clouds  or  the  earth. 

268.  What  is  the  Difference  between  Noise  and  Tone? 
—  When  a  chair  is  knocked  over,  it  sets  up  vibrations  in 
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the  air,  but  the  waves  are  uregular,  depending  upon  how 
many  things  the  chair  strikes.  We  hear  a  noise.  But 
if  a  vioUn  string  is  touched  by  the  bow,  the  string  vibrates 
regularly,  with  the  same  time  between  every  two  vibra- 
tions. Thus  regular  waves  are  set  up  in  the  air,  and  pro- 
duce a  pleasant  effect  upon  the  ear.  The  regular  vibra- 
tions make  a  tone.  Noise  is  a  confused  mingling  of  sound 
waves,  and  has  an  impleasant  effect  upon  our  ears.  Any 
hard  body,  such  as  a  dish,  a  glass,  a  stone,  a  piece  of  steel, 
a  piece  of  iron,  or  a  block  of  wood,  has  a  distinct  tone 
when  struck.  Prove  this  by  experiment.  What  is  a 
bell? 

The  greater  the  number  of  vibrations  in  a  second,  the  higher  the 
pitch  of  the  sound.  "  Middle  C  "  of  a  piano  is  a  wire  vibrating  256 
times  per  second.  The  human  voice,  from  lowest  bass  to  highest 
soprano,  ranges  from  80  to  1000  vibrations  a  second.  The  human 
ear  cannot  hear  a  sound  which  is  produced  by  more  than  about  40,000 
vibrations  a  second. 

269.  What  are  the  Classes  of  Musical  Instruments  ?  — 
Name  all  the  kinds  of  musical  instruments  you  can  think 
of  (see  Fig.  193).  Which  really  consist  of  vibrating 
string  or  wires?  We  call  these  stringed  instruments. 
Which  ones  consist  of  a  vibrating  column  of  air?  We 
call  them  air-chambered^  or  wind,  instruments.  What 
causes  the  sound  of  a  toy  whistle  ? 

In  the  air-chambered  instruments  we  make  use  of 
both  open  and  closed  pipes.  You  have  all  found  that 
you  can  make  a  whistle  by  blowing  over  the  open  end  of 
a  hollow  tube  of  glass,  wood,  metal,  or  other  material. 
The  pipe  organ  makes  use  of  such  tubes,  or  pipes.    Other 
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wind  instruments  are  the  Bute,  clarinet,  bugle,  cornet, 
and  trombone.  What  kind  of  instnunent  is  a  phono- 
graph? 


To  make  the  difFerent  notes  on  a  flute,  the  player  opens  holes  in 
the  side  of  the  instrument;  thus  he  makes  air  columns  oF  different 
lengths  vibrate  as  he  blows  into  the  instrument.  In  the  trombone 
the  player  Blides  portions  of  one  single  pipe  back  and  forth,  and  so 


gets  the  difFerent  air  columns  that  are  needed  to  give  the  different 
notes.    A  p^pe  wgan  must  have  a  different  pipe  for  each  note. 

Each  instnunent  has  its  own  tone  quality.    When  the  number  of 

vibrations  is  the  same  in  two  instruments,  as  in  the  bugle  and  the 
piano,  the  sounds  have  the  same  pitch,  or  note;  but  the  quality  is 
so  difFerent  that  you  have  no  trouble  in  tellii^  the  note  of  the  one 
instrument  from  that  of  the  other.  In  the  same  way  the  quality  of 
difFerent  human  voices  differs  so  much  that  you  can  tell  your  friends 
apart  by  their  voices. 
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270.  How  Does  a  Telephone  Carry  Sound?  —  The 

sound  instrument  which,  next  to  the  human  voice  and 
ear,  has  built  up  the  commercial,  the  industrial,  and  the 
social  life  of  today,  is  the  telephone.  This  is  an  age  in 
which  things  must  be  done  swiftly,  and  the  telephone  is 
one  of  the  things  which  has  made  speed  possible.  The 
telephone  was  invented  in  1875  by  Alexander  Graham 
Bell  and  Elisha  Gray. 

Figure  194  shows  a  diagram  of  the  necessary  parts  of  the 
telephone.    When  you  speak  into  the  mouthpiece  you 
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Fia.  104.  —  In  the  telephone  the  vibrations  of  an  iron  disk  at  the  speaking 
end  are  reproduced  by  a  second  disk  at  the  hearing  end. 

make  a  thin  disk  of  soft  iron  vibrate  (as  the  tympanic 
membrane  of  the  ear  does).  Near  the  disk  is  a  magnet. 
The  vibration  of  the  iron  disk  in  the  lines  of  force,  or  the 
field,  of  the  magnet  produces  electric  currents  in  the  coil 
around  the  magnet  (see  §§218  and  236). 

These  currents  are  carried  over  the  wire  into  the  coil 
in  the  receiver  of  the  telephone  at  which  your  friend  is 
listening.  Inside  of  this  second  instrument  there  are 
also  a  coil,  a  magnet,  and  a  disk.  The  incoming  currents 
cause  the  lines  of  force  of  the  magnet  to  become  changed, 
so  that  the  disk  is  set  to  vibrating  in  the  receiver.  The 
vibrations  of  the  second  disk  are  exactly  the  same  as  those 
of  the  first  disk.  Therefore,  the  sound  heard  at  the 
receiver  is  exactly  like  the  one  made  in  the  original 
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mouthpiece.  It  is  interesting  for  us  to  understand,  that 
one  end  of  the  telephone  resembles  a  d3rnaino  and  the 
other  end  a  motor.  In  one  end  motion  is  changed  into  an 
electric  current ;  while  in  the  other  an  electric  current  is 
changed  into  motion.     Tell  which  is  which. 

Have  you  ever  stopped  to  think  how  many  extra  steps 
would  be  caused,  if  you,  your  neighbors,  the  grocer,  the 
business  man,  in  fact  everyone,  were  suddenly  to  be 
without  a  telephone  ? 

271.  Exercises. —  1.  Why  is  it  harder  to  hear  a  speaker  in  the 
open  air  than  in  a  hall? 

2.  Ask  an  architect  what  is  the  most  desirable  shape  for  an  audi- 
torium. 

3.  Why  does  the  yell  leader  at  a  football  game  use  a  megaphone  ? 

4.  What  is  the  principle  of  an  ear  trumpet  used  by  a  person  who 
is  hard  of  hearing? 

5.  Does  a  large  room  have  more  echoes  when  it  is  empty,  or  when 
it  is  filled  with  people  ?    Explain. 

6.  Why  can  you  hear  a  distant  train  better  by  putting  your  ear 
against  the  rail? 

7.  Why  can  you  not  produce  a  noise  by  waving  your  arms  in  the  air  ? 

8.  Why  do  telephone  wires  "  hum  "? 

9.  Why  does  the  wind  "  whistle  "? 

10.  How  do  locusts  and  katydids  make  their  shrill  notes? 

11.  How  are  phonograph  records  made?  How  do  they  reproduce 
sounds? 

12.  What  makes  the  different  notes  of  a  piano ?  Of  a  harp?  Of  a 
violin?    Of  a  flute? 

Summary.  —  Sound  is  due  to  the  vibration  of  bodies.  It  travels 
through  the  air  at  about  1126  feet  a  second.  It  also  travels  through 
other  gases  as  well  as  liquids  and  solids,  but  it  does  not  go  through  a 
vacuum. 
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The  ear  is  a  delicate  organ  for  carrying  the  sound  waves  to  the 
sensitive  nerve  endings  of  the  inner  ear,  so  that  the  auditory  nerve 
may  carry  the  sound  message  to  the  brain. 

An  echo  is  the  bounding  back  of  sound  waves  to  the  one  making 
the  sound. 

Tone  is  due  to  regular  vibration  of  the  sounding  body;  noise  is 
the  result  of  irregular  vibration. 

Musical  instruments  may  be  stringed  instruments  or  wind  instru- 
ments, or  vibrating  metal,  as  a  bell. 

A  telephone  is  an  instrument  in  which  a  disk  of  soft  iron  is  made 
to  vibrate  near  an  electromagnet  and  to  cause  disturbances  in  the 
current  passing  through  the  coil.  These  disturbances  extend  to  the 
electromagnet  of  the  receiving  instrument  and  cause  a  second  disk 
to  repeat  the  vibrations  of  the  first  one. 


CHAPTER  XXIX 

MAN'S   SIMPLE  MACHINES 

272.  How  Does  Man  Lighten  His  Work?  —  A  few 

generations  ago,  if  you  had  gone  into  a  cornfield  in  the 
spring,  you  would  have  seen  oxen  pulling  a  crude  wooden 
plow  (see  Fig.  2,  §  5)  which  just  stirred  the  soil  of  one 
row.  The  farmer  himself,  probably  stooped  and  tired, 
would  have  been  walking  beside  the  team.  Today  the 
plow  is  a  steel  machine  (see  §  183,  Fig.  98)  which  digs 
deep  and  turns  over  the  soil  of  several  rows.  The  farmer 
rides  comfortably  in  a  seat  which  is  provided  with  springs. 
Perhaps  four  horses  or  a  tractor  are  pulling  the  plow. 
This  is  only  one  way  in  which  man  has  made  his  work 
easier. 

Man  hsts  within  himself  energy,  or  the  power  to  do 
work ;  this  is  derived  from  the  oxidation  of  his  food  (see 
§  188).  But  as  he  became  more  and  more  civilized,  he 
found  that  there  were  many  devices,  or  tools,  with  which 
he  could  do  his  work  without  using  so  much  of  his  own 
energy.  He  could  also  do  much  greater  tasks  than  his 
own  strength  made  possible.  We  have  already  spoken 
of  the  plow.  When  man  wanted  to  lift  a  load  of  hay  into 
a  hayloft  (Fig.  195),  he  learned  to  use  a  pulley  and  rope. 
It  is  easiter  to  pull  down  on  the  rope  than  to  push  up  on 
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the  weight.  Why  ?  Does  a  man's  own  weight  help  him  ? 
Man  also  learned  to  pry  a  stone  out.  of  the  ground  with  a 
crowbar  (Fig.  196),  instead  of  lifting  it  out.  He  learned 
to  split  logs  with  an  ax  and  a  wedge  (Fig.  210,  §  279). 


Fig.  195.  —  By  using  a  pulley  and  a  rope,  a  man  can  lift  a  weight  more 
easily  than  by  carrying  it.  Can  a  man  lift  more  than  his  own  weight  in  this 
way? 

If  he  wished  to  move  a  heavy  load,  he  learned  to  put 
rollers  under  it,  instead  of  trying  to  drag  it  along  the 
ground. 

273.  What  Advantage  Do  We  Get  from  Machines?  — 
Let  us  think  of  this  problem :  How  can  we  get  a  200- 
pound  barrel  of  flour  into  a  wagon  without  lifting  the 
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whole  weight  of  the  barrel  ?  See  Fig.  197.  Suppose  that 
we  use  a  plank  15  feet  long,  and  that  the  higher  end, 
which  rests  on  the  wagon,  is  3  feet  above  the  ground. 
How  does  this  help  us?    We  roll  the  barrel  15  feet  up  the 


Fig.  196.  —  By  using  a  crowbar  with  a  support  a  man  can  lift  a  heavy  stone 

from  the  ground. 

plank  to  raise  it  3  feet  from  the  ground ;  that  is,  we  roll 
it  five  times  as  far  as  we  need  to  lift  it.  What  is  the 
value  of  doing  this?  The  value  is  that  we  need  exert 
only  i  as  much  force  as  we  should  use  to  lift  the  bairel 


Fig.  197.  —  By  rolling  a  barrel  up  a  long,  inclined  plank  a  man  need  not 
exert  nearly  the  force  he  would  need  to  lift  it  into  the  wagon. 

directly  into  the  wagon.     So  a  force  of  40  pounds  will 
roll  a  200-pound  barrel  up  such  a  plank.     Now  a  grown 
man  can  easily  exert  a  force  of  40  pounds,  although  he 
might  not  be  able  to  exert  one  of  200  pounds. 
Do  we  use  the  principle  of  the  inclined  plane  in  other 
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ways?  Think  how  much  easier  it  is  for  us  to  climb  a 
gradual  slope  than  a  steep  one,  or  a  stairway  with  low 
'*  risers  ''  rather  than  high  ones.  Whenever  we  climb  a 
sloping  ladder,  or  a  train  climbs  a  grade  m  the  moun- 
tains, or  a  horse  pulls  a  load  up  a  hill,  the  inclined  plane 
is  being  used.  But  in  going  up  a  slope,  we  make  an 
exchange :  we  go  farther  than  if  we  went  straight  up. 

Have  you  ever  seen  some  of  the  famous  railway  grades, 
like  the  letter-S  curve  of  the  Pennsylvania  Railroad  near 
Altoona  ? 

274.  Is  a  ''Teeter"  a  Machine?  —  Let  us  think  of 
another  problem :  Suppose  that  you  weighed  50  poimds, 
and  that  you  made  a  "  teeter ''  15  feet  long  (Fig.  198). 

If  your  father, 
weighing  200 
pounds,  were  on 
one  end,  how 
much  force  must 
you  use  on  the 
other  end  to  lift 
him?  Everything 
will  depend,  will 
it  not,  upon  where 
you  put  the  log  under  the  teeter  board  ?  If  you  put  the 
middle  of  the  board  over  the  log,  you  will  need  to  weigh 
a  little  more  than  200  pounds  yourself,  to  be  able  to 
bring  your  end  of  the  board  down.  But  you  are  supposed 
to  weigh  only  50  pounds.  If  you  should  put  the  log  5 
feet  from  your  father's  end  of  the  teeter,  and  10  feet  from 
your  end,  you  would  need  to  weigh  100  pounds  to  lift 


Fig.  198.  —  The  weight  of  the  child,  multiplied 
by  its  distance  from  the  support  on  which  the  t«eter 
turns,  is  equal  to  the  weight  of  the  man  multiplied 
by  his  distance  from  the  support. 
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your  father.  That  is,  as  your  distance  from  the  log  would 
be  twice  your  father's  you  must  weigh  at  least  half  as 
much  as  he  to  lift  him.  But  if  the  log  is  3  feet  from  your 
father's  end  of  the  board,  and  12  feet  from  your  end,  you, 
with  your  50  pounds,  could  balance  your  father,  who 
weighs  200  pounds.  However,  note  one  thing  carefully : 
Suppose  you  and  he  teeter  up  and  down,  how  far  must 
you  move  downward  to  lift  your  father  one  foot?  You 
must  go  down  4  feet,  must  you  not  ?  To  put  it  in  another 
way,  he  by  going  down  one  foot  can  raise  you  4  feet. 
Which  gets  the  longer  ride  on  the  teeter,  the  heavy  per- 
son, or  the  light  one? 

As  you  first  think  of  these  two  cases  of  the  sloping 
board  and  the  teeter,  you  may  imagine  that  in  some 
mysterious  way  you  have  made  energy ;  if  not,  how  is  it 
that  you,  weighing  only  50  pounds,  can  lift  your  father, 
who  weighs  200  pounds ;  or  bow  can  a  man  who  exerts  a 
force  of  only  40  pounds,  push  up  a  barrel  weighing  200 
pounds?  But  if  you  think  of  the  matter  more  deeply, 
you  will  see  that  you  have  made  no  energy.  You  push 
the  barrel  a  greater  distance  along  the  board  so  as  to  lift 
it  a  short  vertical  distance.  In  the  teeter  you  go  down 
a  greater  distance  to  let  your  father  go  up  a  shorter  dis- 
tance.    These  facts  show  us  what  the  law  of  machines  is : 

The  power  put  forth j  multiplied  by  the  distance  the  power 
moves,  is  equal  to  the  weight  lifted,  multiplied  by  the  distance 
the  weight  moves.  In  using  machines,  then,  we  make  an 
exchange  of  energy ;  we  never  get  something  for  nothing. 

276.  How  Many  Machines  Do  We  Use  ?  —  This  ques- 
tion does  not  mean  how  many  pieces  of  machinery  are 
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there  in  the  world,  but  how  many  "  simple  machines  '' 
can  we  find  in  all  the  machinery  and  tools  which  man  uses 

to  help  him  in  his  work. 
The  answer  is  that  there 
are  six  of  these  simple 
machines.  The  combi- 
nations of  machinery 
which  are  used  in  such 
wonderful  devices  as  the 
steam  engine,  the  weav- 
ing loom,  and  the  clock, 
are  made  up  of  these  six 
in  one  form  or  another. 

Fig.  199.  —  The  welUweep  is  a  lever  hav-    ThuS  the  teeter  is  a  f  Orm 

a  simple  machine 
which  we  call  the  lever ; 
the  sloping  plank,  up  which  we  roll  a  barrel,  is  an 
example  of  another  simple  niachine  called  the  inclined 
plane.     All  six  of  them  are  given  in  the  following  list: 


ing  a  weight  at  the  longer  end,  to  help  lift       r 
the  pail  of  water  out  of  the  well. 


(1)  The  lever 

(2)  The  pulley 

(3)  The  wheel  and  axle 


(4)  The  inclined  plane 

(5)  The  wedge 

(6)  The  screw 


The  simple  machines  helped  man  greatly  in  his  work, 
but  at  first  he  had  to  exert  all  the  force  himself  (see  Fig. 
199).  The  pioneers  of  every  land  have  had  to  do  the 
same  (see  Fig.  200) ;  but  whenever  possible  men  have 
used  the  strength  of  animals  to  exert  force  for  them  by 
harnessing  the  animal  to  the  machine.  What  animals 
have  they  used?    Later  still,  men  learned  to  use  the 
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energy  which  nature  has  stored  away  in  wind,  water 

power,  coal,  and  electricity,  and  with  this  energy  operated 

their      machines.  smnc 

Men's  work  could  ■ 

thus  be  done  more 

easily    and   more 

quickly.       Think 

how      women's 

work     has     been       p,a.  3qq 

lightened  by  the    ''™y  ^*""' 

.  "^        .         of  the  gate. 

improvements  m 

the  weaving  of  cloth,  for  example.     At  first,  cloth  was 
probably  made  much  as  we  make  wicker  baskets ;  then 
the  hand-operated,  large,  wooden  weaving  looms  (see 
Fig.     201)     were     used. 
Now  we  use  steel  ma- 
chines   which    are    run 
by  electricity  *  or    water 
power,  and  weave  cloth 
with  very  little  use  of 
human  muscular  energy. 
276.   How    Does   a 
Lever  Help  Us?  —  We 
learned  in  §  274  that  the 
—     —     teeter    is    a   lever;     the 
i?,„  «ii      J    „ij  r  .ui   J        -       crowbar  is  another  (see 

ria.  2U1.  —  An  old-faabioaed   weaving  ^ 

loom,  OD  which  cloth  and  rugs  may  be      §  272).      When  yOU  USe  a 

plank  to  pry  an  automo- 
bile out  of  a  mudhole,  or  a  fork  to  pry  a  cork  out  of  a  bottle, 
you  see  a  lever  in  action.     In  every  lever  there  are  four 
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parts  to  be  considered.  Suppose  it  is  a  crowbar.  There 
is,  first,  the  strong,  rigid  bar.  Second  is  the  support  on 
which  we  rest  the  lever.  This  is  called  the  fulcrum.  The 
third  part  is  the  weight,  or  the  resistance.  The  fourth 
part  is  the  power  used  to  do  the  work.  Now,  if  we  have 
a  power,  a  fulcrum,  and  a  weight,  we  can  see  that  they 
may  be  arranged  on  the  rod  in  three  different  ways.  One 
of  these  ways  is  to  have  the  power  applied  at  one  end  of 
the  lever,  the  weight  to  be  lifted  at  the  other  end,  and 


F 
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Fio.  202.  —  The  product  of  the  numbers  that  represent  the  weight  and 
weight  arm  is  equal  to  the  product  of  those  representing  the  power  and  the 
power  arm. 

the  fulcrum  between  them.  This  makes  a  lever  of  the 
first  class  (see  Fig.  196). 

The  teeter  is  also  a  lever  of  the  first  class.  Most  bal- 
ances and  scales  are  examples  of  the  first-class  lever  (see 
Fig.  66,  §  98,  and  Fig.  202).  In  the  balances  the  ful- 
crum, or  bearing,  is  in  the  center ;  from  one  end  of  the 
beam  hangs  the  pan  for  the  object  to  be  weighed,  and 
from  the  other  end  hangs  the  pan  upon  which  we  put  the 
weights  (the  power). 

The  second-class  lever  (Fig.  203)  is  well  represented 
by  the  wheelbarrow.    In  this  case  the  weight  is  between 
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the  fulcrum  and  the  power.     Where  was  the  fulcrum  of 
the  first-class  lever?     In  the  wheelbarrow  (Fig.  204)  the 
axle  serves  as  the  fulcrum,  the     + 
weight    is  in  the  body  of  the     {        i  .     t 

wheelbarrow,  and  the  power  (our    p  i  „         — ^ 

hands)  is  applied  at  the  handles.  O  ■" 

What  other  machine  can  you        Fia.  203  —  in  the  second- 

ii.*_i       r  L-   L   •  J     1  class  lever  the  fulcrum  ifl  at  one 

thmk   of  which  is  a  second-class       end  and  the  power  at  the  other. 

lever?    What  is  the  nutcracker     "^^^^^ ''**''*  ^'"'««"  '^^ 
—  the  kind  which  holds  the  nut 

between  the  two  handles,  so  that  we  break  the  nut  by 
pressing  the  handles  together? 


Fia.  204.  —  How  they  cany  goods  and  psasengere  on  wheelbarrows  in  China. 

In  levers  of  the  third  class  the  power  is  between  the 
fulcrum  and  the  weight.  How  does  this  compare  with 
the  other  two  classes  ? 

Do  you  think  that  machines  are  used  only  by  manf 
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No;   nature  uses  them  too.    The  human  forearm  (Fig. 

205)  is  a  third-class  lever.    The  muscle  which  exerts  the 

power  is  the  biceps  muscle  of 
your  upper  arm.  It  contracts, 
and  draws  up  a  weight  which 
you  hold  in  your  hand,  at  the 
free  end  of  the  lever ;  while  the 
support,  or  fulcrum,  is  at  your 
elbow. 

Examine  a  pair  of  sugar 
tongs,  and  pick  up  a  lump  of 
sugar  with   them.     Do  they 

tW8'''tWrd-d^3'^^^^^^  form  a  third-class  lever?     To 

power    can    be    applied    near    the     which    claSS   doCS    the   beak   of 
fulcrum,    but  the  power  must   be  j         i  t_    i  o 

greater  than  the  weight  it  is  to  lift,     a  WOOdpeCKCr   belotig  f 


Relation  of  Parts  in  the  Three  Classes  of  Levers 

(1)  Power      .     .     .     Fulcrum .     .     .     Weight 

(2)  Fulcrum  .     .     .     Weight    .     .     .     Power 

(3)  Fulcrum  .     .     .     Power      .     .     .     Weight 

277.  How  Do  Pulleys  Help  Us  ?  —  Have  you  ever  seen 
men  raising  stones  to  the  top  of  a  building,  or  flags  to  the 
top  of  a  flagstaff,  by  means  of  a  pulley  ?  All  that  is  needed 
is  a  rope  passed  over  a  pulley  wheel.  The  object  tp  be 
raised  is  fastened  to  one  end  of  the  rope,  and  we  pull 
downward  on  the  other  end  (see  Figs.  195, 206,  and  207). 

Is  there  any  gain  in  power  by  the  simple  pulley  ?  No> 
of  course  not ;  the  only  advantage  is  that  we  pull  down 
instead  of  pushing  up.     But  the  case  is  different  if  we 
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use  a  combination  of  two  pulleys,  as  in  Fig.  206,  B.    Here 

two  lengths  of  rope  support  the  weight,  while  we  pull 

down  on  the  third 

length.    Do  you 

see  that  we  must 

pull    downward 

twice    as    far    as 

we  can  raise  the 

weight?    Is  there 

any  gain  in  this  ? 

The  gain  is  that 

a    force    of    one 

pound  used    as 

power    will    sup- 
port two  pounds 

of  weight. 

If  we  use  three  pulleys  to  support  the  weight,  as  in  Fig. 

support  three  pounds, 

-,  we    must    pull    down 

every  foot  we  lift  the 

DuUey,    as    in   the  lever 

and  inclined  plane,  the 

power,    multiplied  by 

the  distance  the  power 

moves,  is  equal  to  the 

weight,  multiplied  by 

the  distance  the  weight 

moves. 

278.   Why  Do  We  Use  a  Wheel  and  Axle?  — Have 

you  ever  seen  workmen  raising  large  timbers,  or  steel 


Id  A  a  one-pound  pull  on  the  one  cord  wi 
lift  1  pound  on  the  other  cord.  In  B  and  C  a  one 
pound  pull  will  lift  2  and  3  pounds  respectively. 


Fia.  207. —This  pilo-drivM  has  a  simpli 
pulley,  but  there  is  a  second  wheel  near  thi 
ground,  so  that  the  horse  can  pull  in  a  hori 
lontal  direction. 
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girders,  or  loads  of  bricks  or  stone,  to  the  top  of  a  tall 
building?  Do  they  cany  these  materials  to  the  top? 
No ;  they  use  a  machine.  This  is  usually  a  winch,  or 
windlass,  together  with  a  system  of  pulleys.  The  whole 
apparatus  is  called  a  derrick,  or  crane  (Fig.  208). 


Fio.  208.  —  A  powerful  modem  ci 

Examine  a  winch  (Fig.  209).  You  will  see  that  it 
consists  of  a  crank,  or  handle,  attached  to  an  axle.  When 
the  crank  is  turned,  a  rope  or  cable  may  be  wound  up  on 
the  axle.  But  as  the  handle  of  the  crank  must  be  turned 
through  a  large  circle  to  wind  a  little  of  the  rope  on  the 
axle,  a  small  force  applied  to  the  crank  will  lift  a  great 
weight  attached  to  the  axle. 


MAN'S  SIMPLE   MACHINES  337 

The  winch  is  a  form  of  the  simple  machine  called  the 

wheel  and  axle.     Examine  the  works  of  an  old  clock. 

Do  you  find   any  cases   of 

the  wheel  and  axle  principle 

there?     Why    is    it    used? 

Do  you   see  that  the-  law 

of  machines  is  true  in  the 

case  of  the  wheel  and  axle, 

as  well  as   in   the  case  of 

the  lever,  inclined  plane,  and 

pulley  ? 
279.   Of  What  Use  is  a  Wedge?  —  Have  you  ever 

seen  a  woodman  split  a  great  log  into  boards  or  rails? 

He  uses  a  block  of  hardwood,  or  of  iron,  that  is  thick  on 

one  side,  and  tapers  down  to  a  thin  edge  {F^.  210).    This 

simple  machine  is  called  a  wedge ;   it  is  really  a  double 
inclined  plane. 

The  thin  edge  of  the  wedge 
must  be  driven  into  the  log  by 
means  of  a  hammer,  or  maul. 
The  deeper  it  is  driven  in,  the 
farther  the  two  halves  of  the  log 
are  forced  apart.  It  is  easy  for 
the  woodman  to  overcome  the 
cohesion  of  the  wood  (see  §  107), 

Fio.  210.  — How^aiogmaybe    jf  he  need  force  the  wood  apart 
only  a  little  way  at  a  time.     Can 

you  see  that  the  more  slender  the  wedge  is,  the  farther  he 

must  drive  it  in,  but  the  greater  is  the  force  with  which 

the  wedge  pushes  the  wood  apart  ? 
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Fig.  211.  —  By  turning  the  handle  of 
the  screw  driver  you  make  the  screw  ad- 
vance only  a  short  distance,  but  with 
great  force. 


280.  Of  What  Use  is  the  Screw?  —  Have  you  ever 
climbed  to  the  top  of  a  tower  or  a  lighthouse?    You 

could  have  climbed  a  lad- 
der straight  up  to  the 
top,  but  this  would  be 
very  tiring,  and  would 
take  a  great  deal  of  effort. 
In  most  towers  you  will 
find  a  spiral  stairway 
which  wmds  around  and 
around  the  tower.  In  using  the  stairway  you  will  have 
to  walk  many  times  the  distance  to  the  top,  but  you  will 
not  find  yourself  nearly  so  tired  when  you  reach  the  top, 
because  the  ascent  is  so  gradual. 

Examine  a  metal  screw,  or  a  screw  bolt,  such  as  is  used 
to  hold  boards,  or  pieces  of  metal,  together;  is  not  the 
thread  of  the  screw,  also,  a  spiral  incUned  plane?  When 
you  use  the  screw  driver  (Fig.  211),  your  hand  must  go 
through  a  large  circle  to  make 
the  screw  move  forward  the  short 
distance  between  the  threads. 
But  as  a  result  of  this  great  dif- 
ference, a  small  force  applied  on 
the  handle  of  the  screw  driver 
exerts  a  very  great  force  on  the 
threads,  and  forces  the  screw 
into  the  wood. 

You  are  familiar  with  the  jack- 
screw  used  to  raise  a  house  (Fig.  212),  or  a  wagon  in 
repairing  its  wheel,  or  an  automobile  in  changing  tires. 


Fig.  212.  —  How  a  jackscrew 
may  be  used  to  lift  a  house. 
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Compare  the  force  you  must  exert  in  using  the  jackscrew 
with  the  weight  you  can  Uft  with  it. 

The  screw  is  used  also  to  produce  the  great  pressure 
needed  in.  book  and  letter  presses  (Fig.  213).  How  about 
the  baling  press  in  which  many  schools  collect  and  com- 
press their  waste  paper,  and  in  which 
farmers  bale  hay  and  straw  ?  Have  you 
ever  used  a  screw-press  nut-cracker  ? 

281.  Why  Do  We  Oil  a  Machine  ?  — 
Do  you  know  of  a  surface  that  is  per- 
fectly smooth  ?  No;  not  even  the  finest 
workmen  can  get  a  surface  free  from  all 
roughness,  and  every  engineer  knows 
that  although  the  bearings  of  his  engine 
are  made  as  smooth  as  possible,  yet  each 
of  the  two  surfaces  which  rub  together 
wears  the  other  down,  instead  of  shding 
perfectly  over  it.  We  have  already  learned  (see  §  103) 
that  this  rubbing  together  is  called  friction. 

From  Fig.  195,  §  272,  we  learned  how  we  can  lift  hay 
into  a  hayloft  by  means  of  a  pulley  and  a  rope.  Could 
we  not  lift  the  hay  by  passing  the  rope  over  a  horizontal 
pole  instead  of  the  wheel,  and  then  pulling  down  on  the 
rope?  Of  course  we  could,  but  we  would  have  to  pull 
much  harder,  because  there  should  be  so  much  more  fric- 
tion between  the  pole  and  the  rope  than  between  the  pul- 
ley wheel  and  its  axle.  What  are  some  other  illustrations 
of  the  fact  that  rolling  friction  is  less  than  sliding  friction  ? 
How  about  the  wheelbarrow  ?  Why  are  there  casters  on 
furniture?    Wheels  on  wagons  and  cars? 


Fig.  213.  —  The 
book  press  has  a 
screw  to  give  great 
pressure. 
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How  is  the  friction  in  a  sewing  machine,  or  a  carriage, 
reduced  as  much  as  possible  ?  You  know  that  we  use  oil 
or  grease ;  we  do  the  same  in  a  raiboad  car,  an  automo- 
bile, or  a  wheelbarrow.  The  oil  and  grease  we  use  per- 
mit the  two  surfaces  that  touch  each  other  to  pass  with 
less  sticking  or  rubbing;  therefore  we  get  more  useful 
work  out  of  the  machine. 

What  becomes  of  the  energy  lost  in  friction?  It  is 
used  not  only  in  rubbing  off  the  two  surfaces  that  pass 
each  other,  but  is  partly  changed  into  heat  (see  §  234). 
Have  you  ever  heard  of  a  "  hot  box  ''  on  a  train?  What 
causes  it?  Why  does  a  drill  used  in  making  a  hole  in  a 
board  become  hot?  So  far  we  have  thought  of  friction 
only  as  it  is  a  disadvantage,  and  causes  us  to  get  less  work 
from  a  machine  than  we  ought  to.  Is  friction  ever  neces- 
sary? Suppose  the  rope  passing  over  the  wheel  of  a 
pulley  did  not  stick  a  Uttle  to  the  wheel,  in  order  to  turn 
it  ?  Could  you  roll  a  barrel  up  an  inclined  plane,  if  the 
barrel  did  not  stick  somewhat  to  the  plane?  '  Is  it  easy 
for  you  to  walk  upon  a  highly  polished  floor  ?    Why  not  ? 

282.  Exercises. —  1.  How  many  simple  machines  can  you  dis- 
cover in  an  egg  beater?  A  door  knob?  A  pair  of  cutting  pliers?  A 
window  shade? 

2.  What  simple  machines  do  you  make  use  of  when  you  open  a 
weighted  window,  close  a  door  against  the  wind,  draw  a  nail  with  a 
claw  hammer,  crank  an  automobile  engine,  cut  meat  with  your  knife, 
saw  a  board,  take  off  the  cover  of  a  Mason  jar,  turn  a  key,  or  turn  a 
grindstone? 

3.  Why  are  casters  put  under  tables  or  other  heavy  furniture? 
Why  are  glides  used  instead  in  some  cases? 

4.  Examine  several  of  the  can-openers  used  for  "  tin  "  cans,  and 
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find  one  that  is  a  lever  of  the  first  class ;  also  one  of  the  second  class. 
Describe  each.    Which  is  the  more  efficient? 

5.  What  kind  of  lever  is  a  full  suitcase  when  you  are  trying  to 
close  it?    The  pump  handle  shown  in  Fig.  86,  4»  §  135? 

6.  With,  a  pair  of  ishears  try  to  cut  a  match  stick.  Where  must 
you  place  the  stick  in  order  to  cut  it  most  easily?    Tell  why. 

7.  Place  a  book  before  you,  and  put  upon  the  cover  an  iron  weight 
or  a  heavy  stone.  Lift  the  cover.  What  forms  the  fulcrum?  The 
power?  The  weight?  What  class  of  lever  is  it?  Now  put  the  weight 
near  the  free  edge  of  the  cover,  grasp  the  cover  near  the  hinge,  and  lift 
it.  What  class  of  lever  is  the  cover  now?  In  which  case  is  it  easier  to 
lift  the  cover? 

8.  Examine  a  screw  eye,  and  try  to  force  it  into  wood  by  means 
of  your  fingers.  Then  try  to  do  so  with  the  help  of  a  long  nail  which 
is  put  through  the  "  eye."  Of  what  advantage  is  it  to  use  the  nail? 
Why  is  it  easier  to  force  a  screw  into  wood  by  the  use  of  a  carpenter's 
brace  than  with  an  ordinary  screw  driver? 

9.  How  many  different  kinds  of  wrenches  can  you  find  in  a  hard- 
ware store?  For  what  is  each  used?  How  many  kinds  of  paws  can 
you  find? 

10.  How  many  different  kinds  of  machines  could  you  use  in  crack- 
ing a  nut?    What  simple  machine  is  there  in  a  bread-mixer? 

Summary.  — '  Man  lightens  his  work  by  means  of  machines. 

The  advantage  we  obtain  from  machines  is  that  we  can  use  a  small 
eflfort  through  a  great  distance  to  exert  a  great  force  through  a  small 
distance,  or  we  can  make  the  reverse  exchange,  if  we  wish ;  but  we 
never  create  energy,  and  we  never  get  something  for  nothing. 

There  are  six  simple  machines. 

Levers  may  be  of  the  firsty  secondy  or  third  class.  In  the  first  class 
the  fulcrum  is  between  the  power  and  the  weight ;  in  the  second  class 
the  weight  is  between  the  other  two ;  in  the  third  the  power  is  applied 
between  the  other  two. 

In  a  compound  pulley  we  pull  a  good  deal  of  rope  over  the  pulley 
wheels  in  order  to  lift  a  great  weight  a  short  distance. 
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The  winch  is  a  form  of  the  wheel  and  axle.  By  means  of  it  we  use 
a  small  force  upon  the  handle,  or  crank,  to  lift  a  great  weight  attached 
to  the  axle. 

The  inclined  plane  is  a  machine  in  which  we  move  a  heavy  object  a 
long  distance  up  an  incline  in  order  to  lift  it  a  short  vertical  distance. 

A  wedge  is  a  double  incUned  plane. 

A  screw  is  a  spiral  inclined  plane. 

Friction  is  the  resistance  one  body  meets  when  moving  in  contact 
with  another.  The  lost  motion  due  to  friction  is  changed  largely  into 
heat.  Oils  and  greases  (lubricants)  are  used  to  make  friction  as  small 
as  possible.    Rolling  friction  is  less  than  sliding  friction. 


CHAPTER  XXX 

MAN'S  GREAT  MACHINES 

283.  How  Does  a  Sailboat  Use  the  Wind?  — Have 
you  ever  watched  a  sailboat  (Fig.  214)  making  a  landing? 


Did  you  notice  that  no  matter  from  what  direction  the 
wind  was  blowing,  so  long  as  there  was  a  wind  at  all,  the 
pilot  could  make  the  boat  come  to  the  dock?     How  is 
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this  done?  We  can  easily  understand  sailing  when  the 
wind  is  blowing  behind  the  boat.  The  sail  is  then  only 
a  large  surface  that  receives  the  pressure  of  the  wind,  and 
as  the  sail  is  pushed  through  the  air,  it  draws  the  boat 
through  the  water.     But  how  can  a  boat  sail  in  other  di- 


Flo.  215. —  Traveling-boat,  with  sail  set.  Found  by  the  MetropodtaD 
Museuin  Egyptian  Expedition.  !□  March,  1920.  in  the  tomb  of  the  Prince 
Mehenkwette.  at  Thebes,  Xlth  dynasty  (about  2000  b.c).  This  boat  is  now 
in  the  Cairo  Museum, 

rections?  To  give  the  answer  we  must  know  that  a  sail- 
boat has  not  only  a  sail,  but  a  keel.  The  sail  makes  use 
of  the  pressure  of  the  air,  but  the  keel  uses  the  resistance, 
or  inertia  (see  §  101),  of  the  water  to  help  direct  the  boat 
in  its  motion. 

Put  a  wide  board,  edge  down,  into  the  water  and  try 
pushing  it  sidewise;    you  cannot  easily  do  it.     In  the 
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same  way  a  keel  helps  a  boat ;  it  prevents  the  boat  from 
being  pushed  sidewise  by  the  wind.  Sidewise  motion  is 
called  drifting.  If  a  sailboat  drifts  badly,  the  pilot  can- 
not direct  its  course.  In  a  small  sailboat  the  keel  is  a 
movable  board,  which  can  be  pulled  up  into  the  boat; 
it  is  called  a  centerboard. 

Suppose  that  a  sail  is  set  as  in  A  of  Fig.  216,  and  that 
the  wind  is  blowing  from  the  direction  shown  by  the 
arrow;  the  boat  cannot  move  at  all,  because  all  of  the 
wind  slips  past  the  sail  without  pushing  against  it.    If 
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Fig.  216.  —  Three  ways  in  which  the  wind  may  strike  a  sail. 

the  sail  were  set  as  in  B,  the  boat  could  only  drift  slowly 
sidewise,  with  the  keel  resisting  the  boat's  motion.  But 
if  the  sail  is  set  as  in  C,  part  of  the  wind's  force  is  used 
in  pushing  the  boat  sidewise,  with  the  keel  resisting  the 
motion,  while  another  part  of  the  force  pushes  the  boat 
forward  through  the  water.  Of  course  a  boat  cannot  sail 
directly  into  the  wind,  but  by  "  tacking,"  or  "  beating 
against  the  wind  "  (Fig.  217),  with  the  wind  pushing  first 
on  one  side  of  the  sail  and  then  on  the  other,  a  good 
boat  can  i&nally  go  wherever  the  pilot  wants  it  to  go. 

What  sort  of  machine  shall  we  say  a  sailboat  is  ?    It 
is  a  device  which  man  uses  to  go  wherever  he  wishes  on  a 


346 


JUNIOR  SCIENCE 


Wind 


S:^... 


water  surface,  whether  the  wmd  is  a  favorable  one  or  not. 
By  the  use  of  sail  and  keel  we  can  exchange  rapid  progress 
^'before  the  wind"  for  slower  progress  ''against  the 
wind."    What  can  you  say  of  the  effect  of  the  sailboat 

upon  the  growth  of 
early  civilization? 

284.  Why  Do  Kites 
Fly  ?  —  Is  there  a 
boy  who  has  not  made 
and  flown  a  kite? 
If  there  is,  he  has 
missed  a  great  deal 
of  fun.  We  may 
smile  as  we  think  that 
grown  men  in  China 
and  Japan  fly  kites; 
if  we  do  this,  we  show 
ourselves  ignorant  of 
the  fact  that  the 
wonderful  airplanes 
of  the  present  day  are  only  great  kites  with  engines 
inside  them  to  drive  them  forward  against  the  pressure  of 
the  air. 

What  raises  a  kite  into  the  air  ?  Is  there  a  wind  going 
upward  from  the  earth?  We  learned  that  winds  are 
horizontal  cmrents  (see  §  79).  In  a  sailboat  part  of  the 
force  of  the  wind  tries  to  push  the  boat  sidewise,  while 
another  part  pushes  it  forward.  In  the  kite  (Fig.  218) 
part  of  the  wind's  force  causes  the  pull  on  the  string  and 
part  lifts  the  kite  into  the  air.     If  the  kite  were  held 
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Fio.  217.  —  Positions  of  boat  and  sail  in  "beat- 
ing against  the  wind." 
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upright,  and  the  wind  were  blowing  directly  against  it, 
the  kite  could  not  fly.  If  the  kite  were  held  horizontal, 
the  wind  would  slide  past  it,  and  it  could  not  fly.  But 
if  it  is  inclined  to 
the  horizontal 
wind,  as  in  the 
figure,  it  is  lifted 
into  the  air. 

285.  Why  Do 
Airplanes  Rise  ? 
—  The  art  of  fly- 
ing is  man's  latest 
conquest  of  na- 
ture. The  older 
type  of  airship, 
such  as  the  Zep- 
pelin (Fig.  219), 
is  a  great  balloon 
provided  with 
motors  to  drive  it,  and  with  rudders  for  steering  it.  It 
is  fiUed  with  a  gas  lighter  than  au-,  and  rises  for  that 
reason.  What  gas  is  the  best,  for  making  the  ah-ship 
Ught  (see  §  115)  ? 

The  airplane  (Fig.  220)  is,  as  we  have  already  learned, 
a  great  kite,  And  the  principle  according  to  which  it  works 
is  that  of  the  inclined  plane.  The  toy  kite  rises  because 
part  of  the  force  of  the  moving  air  (the  wind)  pushes  it 
upward.  In  the  case  of  the  airplane  the  air  is  at  rest, 
and  it  is  the  plane  that  is  in  motion;  but  the  lifting 
force  is  just  the  same;    it  is  the  resistance  of  the  air 


Fig.  218.  —  Part  of  the  force  of  the  horizontal  wind 
raises  the  kite  into  the  air.     . 
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through  which  the  plane  moves  at  such  great  speed. 
Part  of  this  resistance  acts  directly  against  the  forward 
motion  of  the  airplane ;  but  another  part  of  it  acts  as  an 
upward  push  upon  the  plane.  A  hydroplane  is  an  air- 
plane which  starts  its  flight  from  the  water.  As  its  speed 
is  increased;  it  rises  from  the  water  into  the  air.    Would 


Fio.  219.  —  A  dirigible  airship. 

an  airplane  rise  more  rapidly  if  it  were  moving  with  the 
wind,  or  against  it  ? 

Examine  Fig.  14,  §  19.  Is  the  density  of  air  at  a  height 
of  30,000  feet  more,  or  less,  than  at  sea  level?  Do  you 
think  that  in  order  to  reach  and  keep  such  a  height,  an 
airplane  will  need  to  go  more,  or  less,  rapidly  than  it 
would  near  the  surface  of  the  earth  ?    Tell  why. 

286.  Why  Dp  Windmills  Turn  ?  —  Have  you  ever  been 
on  an  old-fashioned  farm  and  seen  how  much  work  there 
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is  in  just  pumping  and  carrying  water  to  the  farm  animals, 
the  garden,  and  the  house?  Today  much  of  this  work 
is  done  by  the  windmill  (Fig.  221).  Prosperous  farmers 
who  have  a  great  deal  of  stock  also  pump  their  water  by 
means  of  gasoline  engines.  The  windmill  is  much  less 
expensive,  however,  as  it  makes  use  of  one  of  nature's 
forces,  which  is  free;  while  gasoline  must  be  paid  for. 
The  windmill  is  made  with  several  paddles  fastened  on 


a  hub,  or  wheel.  The  hub  is  turned  by  a  vane,  so  that 
the  paddles  must  always  face  the  wind.  Then,  as  with 
the  sails  of  a  boat,  or  the  planes  of  an  airplane,  the  wind's 
pressure  on  their  inclined  surfaces  forces  the  paddles  to 
turn.  The  revolving  hub  is  connected  with  a  piston  that 
moves  up  and  down  in  the  pump  (see  §  135) ;  water  is 
thus  raised  out  of  the  well. 

The  windmill  runs  constantly  on  windy  days ;    but . 
when  a  calm  day  comes,  there  will  be  no  pumping  done. 
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To  prepare  for  the  windless  day,  a  h^  tank  is  provided. 
Water  is  stored  in  this  tank  when  the  mill  is  running. 
Such  a  tank  makes  awater 
system  and  plumbing  pos- 
sible in  the  fanuhouse. 
The  water  leaving  the 
tank  has  a  pressure  cor- 
responding to  its  he^^t 
above  the  ground.  Ex- 
plain this.  Thus  the 
farmer  may  have  water 
running  into  tanks  some 
distance  from  the  well 
without  pumping  or  car- 
_  rying  any  water. 

In  Alaska,  windmills 
are  used  to  operate  dyna- 
mos, by  which  a  current  is  generated  to  furnish  electric 
light. 

Make  a  pin  wheel,  and  see  how  the  air  currents  set  it 
in  motion. 

287.  How  Has  Man  Harnessed  Water?  —  About  the 
first  work  done  by  machinery  was  done  in  mills  which 
used  water  power  (see  §  236).  Such  mills  were  our  first 
beginnings  of  factories.  Water,  pulled  down  by  gravity, 
was  allowed  to  strike  th^  paddles  of  the  water  wheel  and 
force  it  forward  and  around.  Several  types  of  water 
wheels  are  shown  in  Fig.  222,  including  the  wonderful 
•  turbines  (tiir'blns)  used  in  turning  water  power  into  an 
electric  current.    The  revolving  wheel  is  attached  to 
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other  machinery.  In  the  old  days  crude  saws,  and  mill- 
stones and  other  forms  of  grain  grinders  were  thus  run. 
Now  water  power  is  used  to  run  very  complex  machinery, 


as  well  as  dynamos.  Thus  both  the  power  of  rushing 
water  and  of  rushing  air  are  valuable  gifts  of  nature, 
which  man  may  use  to  lighten  his  work.     Do  you  think 
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men  will  ever  be  able  to  use  the  power  of  the  tides  to  do 
their  work  ?  Can  you  imagine  that  man  may  in  the  years 
to  come  harness  sunshine  more  and  more  for  his  use? 

288.  How  Does  the  Sewing  Machine  Lighten  Work? 
—  To  which  of  the  six  simple  machines  does  a  needle 
belong?  Remember  that  it  is  pointed  at  one  end  and 
gradually  grows  thicker ;  so  that  we  can  use  it  to  push 
the  fibers  of  a  fabric  apart  and  to  draw  a  thread  through 
it.  Sewing  by  hand  is  not  hard  work,  but  it  is  slow  work. 
In  using  a  sewing  machine,  as  in  all  other  machines,  we 
make  an  exchange  of  energy.  Do  you  think  that  the 
seamstress  really  finds  it  easier  work  to  sew  with  a  machine 
than  by  hand?  No;  she  finds  it  harder ;  but  she  does  the 
work  much  more  rapidly.  In  factories  sewing  machines 
are  usually  run  by  steam  power,  or  by  electric  motors. 
What  kind  of  device  does  the  sewing  machine  in  your 
house  have  for  taking  energy  from  the  treadle  and  moving 
the  big  wheel  on  the  head?  Is  it  an  inclined  plane,  a 
lever,  or  what  ?  The  earlier  machines  were  run  by  hand, 
that  is,  by  the  turning  of  a  crank  on  this  head  wheel. 

Did  you  ever  read  the  story  of  the  invention  of  the 
sewing  machine?  If  not,  do  so  now.  Who  was  Elias 
Howe? 

289.  How  is  Cream  Separated  from  Milk?  —  Have 
you  ever  realized  how  important  the  milk  business  is  to 
the  life  of  the  community?  The  milk  is  used,  not  only 
directly  as  a  food,  but  as  the  source  of  butter,  cheese, 
milk  sugar,  and  other  products.  As  you  know,  the  cream 
of  milk  contains  a  great  deal  of  butter  fat,  and  is  used  to 
make  butter.     How  is  the  cream  separated  from  the  milk  ? 
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The  old-fashioned  way  was  to  use  a  spoon,  or  some  other 
form  of  skimmer.  This  is  not  entirely  satisfactory,  for 
the  reason  that  while  the  cream  rises  to  the  top  because 
it  is  Ughter  than  the  skimmed  milk,  not  all  of  the  cream 
comes  up.  Besides,  the  skimmer  takes  up  much  milk 
with  the  cream,  so  the  separation  is  far  from  perfect. 
Now,  when  the  farmer  delivers  cream  to  the  butter  fac- 
tory, or  creamery,  the  cream  is  tested,  and  is  paid  for  by 
the  exact  weight  of  butter  fat  it  contains.  For  this 
reason  the  farmer  wishes  to  ship  only  cream  (no  milk) 
and  all  of  the  cream.     How  can  this  be  done  ? 

All  the  modern  creameries,  and  many  farmers,  have 
cream  separators  (see  Fig.  70,  §  106,  and  Fig.  110,  §  189). 
In  this  machine  the  milk  is  poured  into  a  large  bowl,  or 
"  feeder,*'  at  the  top  of  the  separator.  From  the 
"  feeder ''  it  passes  into  another  bowl  containing  a  sys- 
tem of  cones  which  can  be  revolved  from  5,000  to  15,000 
times  in  a  minute.  The  cones  are  like  funnels  upside 
down.  By  the  centrifugal  force  (see  §  105),  or  inertia, 
of  the  rapidly  whirling  milk,  the  skimmed  milk,  which 
is  heavier,  is  thrown  to  the  bottom,  or  outside  rim,  of 
the  cones ;  while  the  cream,  which  is  lighter,  is  forced  to 
the  center,  or  small  openings,  of  the  cones.  As  a  result, 
the  cream  is  forced  out  through  one  opening,  while  the 
skimmed  milk  is  forced  out  through  another.  Thus 
they  are  separated.  There  is  a  very  fine  strainer  in  the 
separator,  which  collects  all  the  dirt  in  the  milk,  and  the 
amount  of  dirt,  even  in  milk  that  has  already  been  strained, 
is  surprising.  The  separator  is  worth  having  just  as  a 
cleanser  of  the  milk. 
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The  skimmed  milk  may  be  made  into  cottage  cheese, 
or  it  may  be  fed  to  pigs  and  chickens.  It  should  not  be 
wasted,  for  it  contains  a  great  deal  of  food  material. 
Selling  cream  is  a  profitable  business  for  the  farmer  who 
does  not  care  to  peddle  milk  or  to  make  butter  himself. 
However,  enough  whole  milk  should  always  be  kept  for 
the  use  of  the  family,  and  high  prices  should  never  tempt 
the  farmer  to  sell  all  his 
^     cream.     Why? 

290.  How  Does  a 
Vacuum  Cleaner  Work? 
—  Who  could  have  fore- 
told that  we  would  ever 
sweep  by  the  help  of  elec- 
tricity? Yet  that  is  just 
what  we  do  when  we  use 
an  electric  vacuum  cleaner. 
Such  a  cleaner  {Fig.  223) 
consists  of  a  suction  appa- 
ratus and  a  long  handle 
to  guide  it  over  the  floor. 
The  apparatus  is  run  by 
a  motor.  There  is  a  long 
\>'.,um.„«,ThH:A.<Me'<-'<mp<,ns.L-urei.,^,     slot  In  the  apparatus,  and 

I'lu.  223. —  The   outer   air   rusheB       in     SOme     formS    a     blUSh 

into  the  vacmam  cleaner,  carrying  the  u  vi       lU    j.      j  j. 

dirt  with  it.  much  hke  that  of  a  carpet 

sweeper.  There  is  also  a 
bag  for  receiving  the  dust.  The  slot  fits  tightly  against 
the  floor,  so  that  when  the  motor  is  running  and  the 
cleaner  is  sucking  in  the  air,  the  air  cannot  come  in  at 
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the  side,  but  must  be  drawn  through  the  rug  or  other 
material  upon  which  the  slot  is  resting.  When  the  air 
is  drawn  rapidly  through  the  material,  it  brings  the  dust 
with  it;  thus  the  material  is  cleaned.  For  cleaning 
rugs,  carpets,  draperies,  mattresses,  and  such  articles,  a 
vacuum  cleaner  is  very  valuable,  as  it  saves  time  and 
labor,  and  cleans  more  thoroughly  than  the  older  methods 
do.  It  also  does  less  damage  to  the  fabric.  Why  is  it 
not  easy  to  use  a  vacuum  cleaner  on  hardwood  floors 
which  are  not  covered  with  rugs? 

291.  How  Can  We  Wash  Clothing  by  Electricity  ?  —  Of 
course  you  can  see  that  we  do  not  really  clean  rugs  and 
the  like  by  electricity.  What  we  do  is  to  create  a  rapid 
air  current;  this  removes  the  dust.  The  motor  which 
gives  us  the  necessary  motion  is  run  by  an  electric  current, 
but  we  might  use  other  sources  of  power.  So  it  is  in  the 
case  of  the  electric  washer ;  we  use  a  motor  to  produce 
motion;  it  is  most  convenient  for  those  who  can  get 
electricity  to  use  an  electric  motor;  but  one  run  by 
water  power  or  by  a  gasoline  engine  would  do  just  as  well. 

Do  you  think  the  housekeeper  really  likes  the  coming 
of  washday?  The  electric  washer  lightens  the  day's 
work.  Both  the  tub  and  the  wringer  are  set  in  motion  by 
the  motor  (see  Fig.  106,  §  183) ;  so  that  all  the  laundress 
has  to  do  is  to  put  the  clothing  into  the  washer,  and  then 
to  transfer  it  through  the  rinsing  waters,  directing  the 
machine  to  do  the  hard  work  of  washing  and  wringing. 
If  the  laundress  has  electric  irons,  which  she  can  use 
constantly  without  having  to  stop  to  change  them,  and 
has  a  drying  press,  or  "  mangle,'*  for  straight  towels  and 
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other  plain  linen,  she  can  escape  most  of  the  drudgery 
of  the  washday  of  the  past.  Will  it  not  be  a  great  day 
when  all  people,  both  rich  and  poor,  can  have  modem 
labor-savers  for  their  homes  ? 

292.  How  Do  Gases  Cause  Motion?  —  We  have 
already  learned  that  air  expands  "when  it  is  heated,  and 
that  if  the  heated  air  is  held  in,  or  confined,  it  produces 
pressm-e  by  trying  to  expand  (see  §§13  and  14).     Steam 

and  all  expanding  gases 
act  in  the  same  way  as 
air. 

Do  you  know  how  a 
cartridge  "  works "  in 
a  gun?  It  will  show  us 
in  a  small  way  how  ex- 
panding gases  work.  The 
cartridge  in  modern  fire- 
arms (Fig.  224)  is  partly  filled  with  powder;  the  open 
end  is  then  closed  by  a  bullet.  When  the  hammer  of  the 
gun  gives  the  cartridge  a  blow,  a  "  percussion  cap  ''  in 
the  cartridge  sets  the  powder  on  fire.  When  the  powder 
"  burns,''  as  it  does  in  a  flash,  a  gas  is  formed,  just  as  in 
the  burning  of  wood  or  coal  (see  §  37) .  However,  if  the 
gas  which  is  formed  were  released,  it  would  take  up  per- 
haps 300  times  as  much  room  as  that  occupied  by  the 
powder.  All  this  gas  is  in  the  cartridge,  and  held  in  a 
very  small  space.  In  its  efforts  to  expand  and  find 
enough  room  for  itself,  it  produces  great  pressure.  The 
pressure  is  strong  enough  to  drive  the  bullet  out  of  the 
cartridge,  and  to  send  it  rapidly  through  the  air. 


Percussion  |         Bullet 

Cap     Powder     Wad 

Fio.  224.  —  A  cartridge  is  a  device  for 
producing  a  great  deal  of  gas  in  a  small 
space,  and  then  using  the  gas  pressure  to 
do  work. 
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When  water  expands  to  form  steam,  the  same  principle 
is  at  work.  Steam  requires  more  space  than  water  does : 
a  cubic  foot  of  water  gives  perhaps  1,600  cubic  feet  of 
steam.  If  the  steam  is  held  in  a  small  place  and  not  al- 
lowed to  escape,  pressure  —  steam  pressure  —  is  pro- 
duced. 

293.  How  Does  a  Steam  Engine  Rim?  —  Think  what 
an  enormous  influence  the  steam  engine  has  upon  our 
lives.  Little  by  little  its  parts  were  invented  until  it 
obtained  its  modern  form.  Yet,  complicated  and  im- 
portant as  the  engines  of  stationary  engines,  steamships 
and  locomotives  are,  they  are  simply  devices  for  using 
the  force  of  expanding  steam.  You  have  all  noticed  the 
cloud  of  fog  coming  out  of  the  kettle  of  boiling  water. 
Close  to  the  nozzle  of  the  kettle  you  see  nothing;  but 
the  gas  coming  out  is  the  real  steam,  which  is  invisible. 
For  use  in  the  steam  engine,  steam  is  produced  in  a  boiler 
and  is  held  in  until  it  has  a  high  pressure.  Then  it  is 
allowed  to  expand,  first  on  one  side  and  then  on  the  other 
side  of  the  sliding  piston  (see  Fig.  225).  In  the  figure 
both  positions  are  shown.  Thus  the  piston  is  driven  first 
forward,  and  then  back,  by  the  force  of  the  expanding 
steam.  The  rapid  backward  and  forward  motion  of  the 
piston  is  changed  to  motion  in  a  circle  by  means  of  a 
shaft.  The  eccentric  turns  with  the  shaft  and  moves  the 
valve  backward  and  forward;  this  motion  controls  the 
entrance  of  the  steam  that  is  to  move  the  piston.  You 
are  familiar  with  the  huge  driving  shaft  on  a  locomotive. 
Do  you  know  where  the  driving  shaft  of  an  automobile  is  ? 
What  is  the  use  of  the  exhaust  which  is  labeled  in  the 
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figure  ?     Why,  do  you  think,  does  an  engine  have  a  large 
and  heavy  flywheel  such  as  is  shown  in  the  figure? 


n    plohj  »h    h       pa  d  OK    1  am 

m    1 

d     pun  engitie 

tions  of  the  slide  valve,  piston,  eice 

Ts,  firdt  on  one  aide  and  then  on  the 

other. 

294.  What  Makes  the  Automobile  Rim?  —  Is  the 
power  of  the  automobile,  like  that  of  the  steam  engine, 
obtained  from  the  pressure  of  expanding  gases?  Yes, 
it  is ;  but  the  expansion  is  produced  by  an  explosion 
(Fig.  226)  of  a  mixture  of  gasoline  vapor  and  air  instead 
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of  by  the  expansion  of  steam  produced  in  a  separate 
boiler.  As  a  result,  the  weight  of  the  heavy  boiler. is 
avoided,  and  the  whole  engine  can  be  much  lighter. 

Gasoline  is  mixed  with  air  in  the  carburetor,  and  then 
the  mixture  is  drawn  into  the  cylinders.    The  gasoline 


Stroke  I 


Exhaust 
Valve 


,      n  Exhaust 
—  '"  Valv« 


)( 


Fig.  226.  —  The  four  strokes  of  the  ordinary  gasoline  engine.  Note  the 
position,  at  each  stroke,  of  the  valve  admitting  gas  and  air,  the  exhaust  valve, 
the  wheel,  and  the  piston.  In  which  stroke  is  there  a  spark  from  the  spark 
plug? 

vapor  will  bum  in  air ;  therefore  the  mixture  of  the  two 
is  explosive,  like  a  mixture  of  hydrogen  and  air.  The 
explosion  is  started  by  a  hot  wire,  or  an  electric  spark. 
The  hot  gases  which  are  formed  (chiefly  steam  and  carbon 
dioxide)  give  a  powerful  push  to  the  piston  and  set  it  in 
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motion.  Here  again  we  use  the  forward  and  backward 
motioD  of  the  piston  to  get  motion  in  a  circle,  such  as  is 
needed  to  turn  the  wheels  of  the  car.  What  device  does 
this  in  the  steam  engine? 

Have  you  ever  thought  why  automobiles  have  come 
into  such  general  use  in  the  last  few  years,  or  why  the 
airplane    has    Just    recently    become    a    success?    The 


t  do  the  heavy  work  of 

answer  is  that  both  of  these  wonderful  devices  of  man 
were  made  possible  because  the  gasoline  engine  was  made 
a  success.  The  gasoline  engine  is  very  light  for  the 
amount  of  power  it  can  produce,  and  its  fuel,  the  gasoline, 
is  also  very  light  (see  Appendix  III).  Thus  it  is  that  one 
of  man's  inventions  generally  depends  upon  another. 

Did  you  realize  that  the  gasoline  tractor,  used  instead 
of  horses  to  do  the  heavy  work  of  the  farm,  is  practically 
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the  same  as  an  automobile,  and  that  the  ''  tank/'  or 
caterpillar  (Fig.  227),  used  in  the  later  years  of  the  Great 
War,  is  really  an  armored  automobile,  with  a  peculiar 
endless  chain  instead  of  tires,  by  means  of  which  it 
crawls  over  rough  ground  with  great  force? 

295.  Exercises. —  1.  How  is  a  cannon  like  a  steam  engine?  What 
takes  the  place  of  the  piston  ?  Is  it  a  one-stroke  or  a  two-stroke  piston  ? 
What  corresponds  to  the  steam  chest  ? 

2.  Find  out  why  an  old-fashioned  kite  needs  a  tail.  Why  does  not 
a  box  kite  need  one? 

3.  What  kind  of  simple  machine  is  the  oar  with  which  you  row  a 
boat? 

4.  Why  must  an  airplane  travel  at  such  great  speed? 

5.  What  machines  are  run  by  falling  water?  What  force  gives 
falling  water  its  energy? 

6.  Ask  at  home  what  are  some  of  the  different  stitches  made  by 
sewing  machines.  Which  of  these  ravels  out  most  easily?  What  is 
the  difference  between  stitches  used  for  basting  and  those  used  for 
permanent  sewing? 

7.  What  other  fuel  besides  gasoline  may  be  used  in  automobiles 
and  airplanes?    Is  there  any  limit  to  the  world's  supply  of  gasoline? 

8.  Why  is  cream  "  whipped,"  and  how?  How  is  ice  cream 
frozen? 

9.  Is  the  dirt  collected  by  a  vacuum  cleaner  drawn  in,  or  forced 
in?    Explain  the  difference. 

10.  Find  out  what  was  used  to  set  powder  on  fire  in  the  flintlock 
muskets  of  Revolutionary  days  (see  §  22). 

11.  What  is  the  difference  in  principle  between  the  screw  propeller 
and  the  paddle  wheel  of  steamboats? 

12.  Why  is  a  toy  balloon  filled  with  air  unable  to  rise  from  the 
ground  ? 

Summary.  —  A  sailboat  is  a  machine  in  which  we  can  exchange 
rapid  motion  before  the  wind  for  slow  motion  against  the  wind.  Its 
sail  uses  the  principle  of  the  inclined  plane. 
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In  a  kite  part  of  the  force  of  a  horizontal  wind  striking  the  inclined 
surface  raises  the  kite  into  the  air. 

Airplanes  are  kites  depending  upon  their  own  forward  motion  to 
raise  themselves  into  the  air. 

Windmills  have  inclined  planes  by  which  the  force  of  a  horizontal 
wind  is  used  to  produce  motion  in  a  circle. 

In  waterwheels  the  water  may  flow  under,  or  over,  the  wheel ;  or 
it  may  strike  curved  paddles,  or  turbines. 

In  a  sewing  machine  the  seamstress  does  harder  work  than  by  hand, 
but  does  it  more  rapidly.  ' 

Cream  is  separated  from  milk  by  means  of  centrifugal  force :  the 
milk  is  heavier  than  the  cream,  and  is  thrown  out  farther  when  whirled. 

In  a  vacutmi  cleaner  the  force  of  the  inrushing  air  carries  the  dirt 
with  it. 

The  electric  washer  moves  the  clothes  through  the  water,  or  the 
water  through  the  clothes. 

Gases  cause  motion  by  their  rapid  expansion  from  a  compressed 
condition.  In  a  steam  engine  steam  under  great  pressure  is  allowed 
to  expand  alternately  on  each  side  of  a  piston,  so  as  to  produce  rapid 
forward  and  backward  motion. 

In  an  automobile  the  explosion  of  a  mixture  of  gasoline  and  au' 
produces  hot  gases  at  high  pressure;  the  escape  of  these  produces 
motion  in  the  engine. 
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CHAPTER  XXXI 


THE  WORLD   OF  PLANTS 

296.  How  Do  Plants  Live  ?  —  Have  you  ever  thought 
what  a  wonderful  world  the  world  of  plants  is,  and  wished 
you  could  know  more  of  the  ways  in  which  plants  hve 
and  grow?  It  is  not  easy  for  us  to  realize  what  a  multi- 
tude of  plants  there  are.  There  are  the  wild  plants  that 
cover  almost  the  whole  earth;  there  are  also  cultivated 
plants,  which  man  cares  for  and 
protects,  so  that  they  may  give 
him  food,  clothing,  and  shelter. 
There  are  shy  wood  plants  so 
frail  that  to  touch  them  is  almost 
to  destroy  them ;  there  are  oaks 
and  pines,  which  stand  the 
storms  of  centuries,  and  are  our 
symbol  of  strength  and  endur- 
ance. Then,  too,  there  are  plants 
so  simple  that  they  are  made  of 
but  a  single  cell,  like  the  green 
stain  on  the  north  side  of  fences 
and  trees  (see  Fig.  228) ;  and 
there  are    plants    having    such 

complex  organs  as  the  flower  of  a  daisy,  or  the  insect- 
catching   apparatus  of  a  sundew  (see  Fig.  229)   or  a 

365 


Fig.  228. —  The  Pleurococ- 
cus  is  a  one-celled  plant ;  it  is 
so  small  that  it  must  be  mag- 
nified many  times  to  look  as 
large  as  in  the  figiire.  Some 
cells  are  dividing,  to  form  two 
cells  each. 
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Venus's  fljrtrap.  Have  you  ever  seen  either  of  these 
plants  ?  Botany;  the  science  of  plants,  is  one  of  the  most 
interesting  of  the  sciences,  and  fanning  is  really  a  great 

experiment  of  man  and  nature, 
carried  on  from  year  to  year,  to 
find  out  how  perfect  and  abun- 
dant a  crop  of  cultivated  plants 
can  be  raised  upon  a  certain 
piece  of  land. 


Plants  must  have  food  and  water. 
We  recognize  the  need  of  water  when 
we  "  water  "  our  garden  plants,  or  the 
grass  of  the  lawn,  in  dry  weather ;  but 
we  do  not  always  think  of  the  need  of 
a  plant's  having  food.  The  plant  must 
have  the  different  sorts  of  food,  just 
like  man  and  other  animals  (see  §  188) 
It  needs  this  food  to  get  the  energy 
for  doing  its  work,  to  get  the  materials 
for  making  growth,  and  to  repair  the 
tissues  which  wear  out.  But  there  is 
this  difference  between  animals  on  the 
one  hand,  and  plants  on  the  other: 
plants  are  able  to  take  their  food  directly 
from  the  soil  and  the  air,  while  animals 
are  not,  but  depend  on  the  food  which 
plants  have  prepared.  Is  it  not  won- 
derful that  plants  are  able  to  take  up 


FiQ.  229.  —  The  sundew  is  a 
swamp  plant  with  peculiar  pro- 
jecting spines  on  its  leaves.  If 
a  small  insect  alights  upon  the 
leaf,  the  spines  surround  it  and 
crush  it,  so  that  the  plant 
may  extract  nutriment  from  its 
body. 


water,  minerals,  decaying  vegetable  and 
animal  matter,  and  gases  of  the  air,  and  out  of  these  to  make  the  deli- 
cate and  beautiful  structures  we  see  and  the  nutritious  food  we  eat? 
How  does  the  plant  do  this  work?  We  know  something  about  the 
process,  but  by  no  means  all ;  it  still  remains  one  of  nature's  mya« 
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teries.    As  we  have  already  learned,  about  10  of  the  chemical  elements 
are  needed  for  plant  growth  (see  §  157). 

297.  What  Parts  Has  a  Plant  ?  —  What  are  the  parts, 
or  organs,  of  one  of  our  common  plants?  They  are  the 
root,  stem,  leaves,  flower,  and  seeds,  are  they  not?  As 
we  think  of  a  plant  and  of  the  things  it  does,  we  see  that 
a  plant's  organs  are  all  for  one  of  two  uses.  In  the  first 
place,  the  plant  must  live,  and  to  Uve  it  must  have  food. 
Those  organs  which  enable  the  plant  to  get  and  to  digest 
food  are  the  organs  of  nutrition.  In  the  second  place,  if 
any  special  kind  of  plant  is  to  survive,  there  must  be  some 
way  of  starting  new  plants  hke  it.  Those  organs  which 
provide  for  the  forming  of  young  plants  are  called  organs 
of  reproduction.  If  plants  are  to  live  and  flourish,  both 
of  these  plant  duties,  nutrition  and  reproduction,  must 
be  carried  out  well.  To  carry  them  out  well  the  plant 
must  be  fitted  for  the  place  in  which  it  lives.  Do  we 
expect  water  lilies  to  grow  in  the  soil  of  our  garden,  as  a 
rose  does?  Then,  too,  if  a  plant  is  to  live,  the  food  it 
needs  must  be  in  the  soil  in  which  it  grows,  and  the  plant 
must  have  the  right  temperature,  air,  water,  and  sun- 
Ught. 

Name  some  plants  that  like  sunlight,  and  some  that  like  shady 
places.  Some  that  live  in  water,  some  that  prefer  a  fairly  dry  soil, 
and  some  that  live  and  thrive  in  a  very  dry  (arid)  soil.  Name  some 
that  grow  only  under  tropical  conditions,  and  some  that  like  a  cold 
climate.    Can  you  name  some  plants  which  are  not  green  ? 

298.  How  Do  Seeds  Begin  Growing  ?  —  How  can  we 
learn  the  way  in  which  a  plant  begins  its  life?    One 
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method  is  to  grow  a  young  plant  indoors  (see  Fig.  230),  so 
that  you  can  watch  all  the  wonderful  things  it  does. 
Place  a  few  large  garden  beans  in  lukewarm  (not  hot) 
water  overnight,  and  look  at  them  in  the  morning.     You 

will  find  that  they 
have  swollen. 
What  entered  into 
the  bean  to  make 
it  swell?  How  did 
it  get  in? 

The  bean  has  a 
tough  outer  cover- 
ing; remove  it 
from  one  of  the 
soaked  beans,  and 
you  will  find  inside 
the  two  "  halves  "  of  the  bean.  Is  this  all?  K  you  sep- 
arate the  halves  carefully,  you  will  find  a  tiny  bean-plant 
between  them;  this  is  called  the  geim,  or  embryo,  of 
the  bean.  The  process  by  which  a  germ  grows  into  an 
independent  plant,  which  can  take  up  its  own  food  and 
live  by  itself,  is  called  germination,  or  sprouting. 

Plant  some  of  the  soaked  beans  in  a  box  of  good  earth,  and  add 
enough  water  from  day  to  day  to  keep  the  earth  moist,  but  not  soggy. 
Put  the  box  where  it  will  get  the  best  sunlight.  In  a  few  days  you 
will  see  that  the  germ  has  begun  growing.  It  pushes  up  a  crooked 
"  stem,"  which  raises  the  dirt,  straightens  itself,  and  finally  lifts  the 
two  halves  of  the  bean  into  the  air.  The  two  halves  are  called  cotyle- 
dons (k6t'I-le'd6ns).    Between  them  you  can  now  see  two  tiny  leaves. 

Under  the  ground  the  stem  pushes  downward,  and  develops  roots. 
The  plant  may  now  be  called  a  seedling.    It  is  able  to  care  for  itself. 


Fio.  230.  —  Scarlet  runner  beans  i^wing.  Note 
how  the  stems  curve  in  order  to  get  up  to  the 
light. 
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After  a  while  the  cotyledons  turn  green ;  finally  they  full  off.  Their 
work  is  done ;  the  young  plant  has  used  all  their  stored-up  food.  The 
bean  plant  continues  growing  by  adding  two  leaves  at  a  time,  always 
at  the  growing  tip,  while  the  roots  spread  out  in  the  ground. 

Plant  some  other  seeds,  such  as  squash  seeds,  lima  beans,  castor 
beans,  peas,  and  com,  at  the  same  time  you  plant  the  bean,  and  com- 
pare their  growth  with  that  of  the  bean. 

299.  What  are  Leaves  Like  ?  —  You  must  have  noticed 
what  different  shapes  the  leaves  of  different  plants  have. 
Their  edges  and  veining  are  also  different ;  so  are  their 
thickness,  the  feel  of  their  sxxrfaces,  and  their  shade  of 
green. 

Collect  as  many  kinds  of  leaves  as  you  can,  and  com- 
pare them  (see  Fig.  231).     Some  leaves  are  broad,  like 


Fia.  231.—  Leaves  c 

those  of  the  maple  and  elephant's-ear ;  some  are  mod- 
erately narrow,  like  those  of  grass  and  sumach ;  while 
some  are  very  narrow  and  thick,  like  the  needles  of  spruce, 
pine,  and  fir.  Some  leaves,  like  those  of  the  elm,  have 
small,  saw-toothed   edges ;    others,  like  the  maple,  are 
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deeply  cut ;    while  some  are  hardly  cut  into  at  all,  as  in 
the  case  of  the  lilac,  nasturtium,  and  lily-of-the-valley. 

The  broad  part  of  a  leaf  is  called  the  blade.  The  stalk 
found  on  some  leaves  is  called  the  petiole  (p6t'I-ol). 
Some  plants  produce  tiny  blades  called  stipules  (stlp'- 
ytils),  where  the  petiole  joins  the  stem.  Do  you  find  any 
leaves  with  petioles  ?    Stipules  ? 

Down  the  center  of  the  blade  there  is  a  heavy,  large  vein  called 
the  midvein.  There  is  a  network  of  small  veins  in  the  rest  of  the  leaf ; 
these  are  arranged  in  one  of  three  general  ways.  A  maple  leaf  illus- 
trates one  of  them,  with  veins  radiating  from  one  center,  as  in  a  palm- 
leaf  fan.  Such  a  leaf  is  palm-veined.  The  lilac  leaf  is  feather-veined, 
because  the  veins  run  off  from  the  midvein,  as  the  barbs  do  in  a  feather. 
The  lily-of-the-valley  is  parallel-veined;  the  veins  run  in  almost 
parallel  lines  from  the  petiole  to  the  tip. 

Examine  the  leaves  you  have  collected,  and  name  the  kind  of  vein- 
ing  in  each.  To  what  class  do  the  leaves  of  com,  elm,  grass,  geranium, 
apple,  birch,  and  oak  belong? 

Some  leaves  are  broken  up  into  several  small  leaflets,  as  in  the 
clover  and  the  rose ;  they  are  called  compound  leaves. 

300.  What  are  Leaves  Made  Of  ?  —  Since  nature  makes 
so  many  wonderful  kinds  of  leaves,  you  might  guess  that 
the  inside  of  the  leaf  is  wonderful  too.  This  is  true.  It 
is  made  of  spongy,  green  tissue,  with  an  outer  covering, 
or  epidermis  (6p'i-der'mis).  If  you  peel  off  the  epidermis 
of  a  geranium  leaf,  you  will  see  that  it  is  colorless. 

To  see  the  real  beauty  of  the  inside  of  a  leaf  we  must 
use  a  microscope.  We  shall  find  the  leaf,  like  all  living 
things,  made  up  of  cells  (see  Fig.  232).  Cells  are  the 
txnits  of  living  matter;   in  Fig.  114,  §  195,  we  saw  how 
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the  Starch  cells  of  a  potato  look  when  mi^nified.  The 
epidermis  is  usually  made  up  of  colorless  cells.  In  it 
there  are  a  multitude  of  slits,  called  stomata  (stom'S-tfi), 
or  "  mouths,"  which  serve  as  breathing  places  for  the 
plant.      Around  each   slit 

there  are  guard-cells ;  these  '• 

control  the  size  of  the  open- 
ings. Through  these  small  : 
breathing  places  the  plant  ! 
takes  in  the  gases  it  needs, 
and  throws  off  those  it  can- 
not use.  The  stomata  also 
regulate  the  amount  of 
water  that  shall  be  allowed 
to  evaporate.  Why  is  this 
regulation  necessary? 

Does  it  make  any  difference 
whether  the  stomata  are  on  the  -     .  . 

upper  or  the  under  side  of  the  ,  ^°-  ^l~^  cross  section  of  »  leaf 
.    %«     T-     .      .     r   -     >      -  ,      (upper    figure).      Note    the    openings 

leaf?  If  the  leaf  is  horizontal,  (stomata)  through  which  the  outer  air 
and  is  easily  wet  by  the  rain,  ''^  ^"^'  ">»  'ei^  ""d  through  which 
where  should  they  be?  On  the  SS  uS«  S'lhSd.iii.'L'il™ 
under  side,  of  course,  so  that  the 

leaf  can  go  on  with  its  work,  even  in  a  rain.  If  the  leaf  floats  on 
water,  where  should  the  stomata  be?  If  the  leaf  is  in  the  air,  and 
stands  up  vertically,  where  should  you  expect  them  to  be? 

Some  leaves  have  as  many  as  100,000  stomata  to  each  square  inch. 

The  sfpongy  tissue  of  the  leaf  is  also  made  up  of  cells,  but  in  addi- 
tion to  the  other  living  matter  there  are  greec  bodies  containing  the 
substance,  chlorophyll,  which  gives  the  cells  their  green  color.  These 
green  cells  are  packed  together  loosely  enough,  so  that  there  are  air 
iS  among  them.     The  passages  are  connected  with  the  stomata. 
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•or  openings  in  the  epidermis.  Do  you  see  that  the  inner  green  cells, 
while  they  are  protected  by  the  epidermis,  are  yet  open  to  the  entrance 
of  the  gases  of  the  outer  atmosphere?  Can  you  see  how  the  smoke 
of  a  city  would  interfere  with  the  work  of  the  stomata? 

301.  What  is  the  Work  of  Leaves?  —  Has  it  occurred 
to  you,  while  you  have  been  studying  about  the  structure 
of  the  leaf,  how  much  the  leaf  resembles  the  cold  frame 
(see  §  251)  as  a  trap  for  ^nlight?  Does  not  the  color- 
less, transparent  epidermis  resemble  the  glass  cover  of 
the  cold  frame,  and  do  not  the  green  cells  have  something 
of  the  same  use  as  the  soil  under  the  glass  ?  But  the  leaf 
is  a  far  more  wonderful  trap  than  any  cold  frame.  In- 
stead of  changmg  the  sun's  light  into  heat,'the  green  bodies 
of  the  leaf  change  it  into  a  kind  of  chemical  energy.  This 
energy  is  able  to  cause  the  carbon  dioxide,  which  enters 
the  leaf  through  the  stomata,  and  the  water,  which  comes 
up  from  the  roots,  to  unite  in  such  a  way  that  a  car- 
bohydrate (sugar  or  starch ;  see  §  189)  and  oxygen  are 
produced  (see  Fig.  32,  §  43).  Think  how  marvelous 
this  process  is.  By  it  plants  make  food  not  only  for 
themselves,  but  for  the  animal  kingdom  as  well.  So  the 
simple,  little  green  leaf,  acting  in  the  light  which  comes 
to  it  from  the  sun,  is  the  world's  greatest  factory,  and 
directly  or  indirectly  produces  the  food  for  all  Ufe.  Other 
parts  of  the  plant,  such  as  the  stem,  can  do  the  same 
thing,  if  they  have  the  green  material  that  is  needed. 
Name  some  green  stems. 

When  we  think  of  a  factory,  we  have  in  mind  a  large  building  which 
turns  out  a  certain  product.  Let  us  take,  for  example,  a  factory  for 
bread  —  a  bakery ;  how  would  it  compare  with  the  leaves  of  a  plant? 
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Certain  raw  materials :  flour,  water,  salt,  sugar,  fat,  and  yeast,  are 
brought  to  the  bakery ;  carbon  dioxide  and  water  are  brought  to  the 
plant  as  its  raw  materials.  The  energy  required  in  bread-making 
comes  from  the  fermentation  of  the  yeast  and  the  heat  of  the  coal  or 
gas  used  in  the  stoves.  The  energy  of  the  plant  comes  from  sunlight. 
The  machinery  required  in  making  bread  is  the  bread-mixer,  the  pans, 
and  the  ovens.  What  corresponds  to  machinery  in  the  leaf  is  probably 
the  green  bodies  containing  the  chlorophyll.  In  bread-making  at  least 
two  substances  are  given  off  as  by-products:  alcohol  and  carbon 
dioxide  (see  §  201) ;  the  plant  gives  off  oxygen  as  a  by-product  (see 
§  43).    These  facts  are  put  together  in  the  following  table : 


Raw  Materials 

Energy  used 
Machinery 

By-products 
Product 


Bakery 

Flour,  water,  salt, 

sugar,  yeast 
Fermentation,  coal 
Mixer,  pans,  stove 

Alcohol,  carbon  dioxide 
Bread 


Plant 

Water,  carbon  dioxide 

Sunlight 

Green  bodies  contain- 
ing chlorophyll 
Oxygen 
Carbohydrate 


302.  How  Does  a  Plant  Climb?  —  Have  you  seen 
houses  made  beautiful  by  the  ivy  that  almost  covered 
them?  How  does  the  plant  climb  the  walls?  We  have 
seen  that  the  leaf  has  certain  definite  duties  to  perform : 
it  serves  as  a  breathing  organ  for  the  plant ;  it  controls 
the  evaporation  of  water  from  the  plant;  it  is  the  fac- 
tory of  the  plant's  food.  In  a  climbing  plant  there  is  a 
need  of  an  organ  to  hold  the  plant  to  some  support. 
Sometimes  the  plant  has  used  its  leaves  to  hold  it  up, 
and  the  leaves  have  been  changed  to  suit  the  new  condi- 
tions. When  you  grow  sweet  peas  you  always  provide 
sticks  or  strings,  do  you  not,  so  that  the  plant  can  climb. 
The  climbing  organs  are  slender,  twisting  little  stems 
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called  tendrils.  They  often  twist  themselves  into  the 
bark  of  trees.  When  you  examine  them  carefully,  you 
find  that  they  are  really  some  of  the  compound  leaves  of 
the  plant,  but  that  they  have  been  modified,  or  changed, 
for  the  work  of  holding  the  plant  upright.  What  is  their 
color?    Are  they  able  to  do  the  usual  work  of  a  leaf? 

Examine  the  organs  which  attach  a 
Boston  ivy  vine  to  a  wall.  What  are  they 
like  ?  How  does  a  morning-glory  climb  ? 
A  grapevine  ?    A  Virginia  creeper  ? 

303.  What  are  Stems  For?  — We 
usually  think  of  stems  as  the  organs  which 
connect  roots  and  leaves,  and  so  they 
are;  but  the  stems  of  different  plants 
differ  almost  as  much  as  the  leaves.  Some 
stems,  like  those  of  the  morning-glory,  are 
delicate  and  sensitive,  while  oak  stems 
are  the  very  picture  of  lasting  strength. 
The  stem  carries  the  water  and  minerals 
from  the  roots,  which  take  them  from  the 
ground,  and  delivers  them  to  the  leaves. 
Here  the  combination  between  carbon 
dioxide  and  water  takes  place. 
_     ^^^     ^  Leaves  usually  appear  on  the  stem  only 

FiQ.  233.  —  Stem        ,  i     •  i  /  t-i»        <-krkrk\        ii 

and  buds  of  the  at  certam  places  (see  Fig.  233) ;  these 
Snut;  Note  th"^  places  are  caUedjomfe,  or  nodes.  Abam- 
joints.    axils,    and   boo  fishiug  pole   shows  the  joiuts  of  a 

leaf  scars  ■ 

stem  in  a  very  clear  way.  The  region 
of  the  stem  above  the  place  at  which  the  leaf  is  attached 
is  called  the  axil  of  the  leaf.     It  is  in  this  axil  that  buds 
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and  branches  are  usually  formed.  Examine  a  plant  stem, 
such  as  that  of  a  geranium  or  a  lilac.  Can  you  find  the 
nodes  and  the  axils?     Can  you  find  any  leaf  scars? 

Stems  are  usually  above  ground,  but  some  plants  may  have  under- 
ground stems,  as,  for  example,  the  potato  plant.  The  potato  itself  is 
simply  an  enlarged,  underground  stem.  What  we  call  the  "  eyes  " 
are  leafy  scales  with  very  much  reduced  leaf  buds  in  the  axiLs.  The 
momii^-glory  stem  ia  small,  and  has  to  depend  upon  something  for 
support.  The  strawberry  has  a  stem  which  runs  along  on  top  of  the 
ground.  The  iris,  bloodroot,  and  other  plants  have  stems  which  run 
along  under  the  ground.  What  peculiar  thing  b  there  about  the  stem 
of  the  barberry,  the  rose,  the  sumach,  and  the  willow? 

304.  What  are  Buds  For?  —  Have  you  noticed  the 
buds  on  the  sides  and  tip  of  the  smaller  stems  of  your 
trees  in  the  winter  time?     See  Fig.  233.     They  are  usu- 
ally placed  at  comparatively  regular  distances  apart. 
If  you  pull  off  the  heavy,  uninterest- 
ing covering  of  one  of  these  buds,  you 
will   find   that  under  its  protective 
blaiiket,  which  is  often  woolly  inside, 
the  bud  is  getting  ready  to  burst  out 
suddenly  on  the  first,  warm,  spring 
days.     Did  you  ever  wonder  how  so      f,q.    234,  —  How    a 
many  leaves  could  come  out  in  one    ""p'""  ''"^  '??•"  "'''*" 
day?     Some  of  these  buds  are  leaf   the  leaves  overlap,  and 
buds,  and  some  contain  the  begin-   curied  uV"^*"^  °°™  ""^ 
nings  of  flowers.     If  a  tree  produces 
flowers  before  it  produces  leaves,  which  buds  should  you 
expect  to  be  farther  along  in  their  development?     Cut 
across  a  few  buds   from  a  fruit   tree  or  a  rosebush. 
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Do   you   find   anything   inside  that  looks    at    all    like 

Fig.  234? 
306.  What   is  the  Work   of  Roots? —  When   some 

people  think  of  building  a  house  they  think  only  of  the 

well-finished  rooms  and  ornamental  hghts,  while  they 
forget  about  the  humble 
foundation  on  which  the 
house  rests,  and  the  ugly 
wires  and  pipes  that  bring 
in  gas,  electricity,  and 
water  and  all  the  other 
things  that  ^ve  the  house 
its  beauty  and  comfort. 
So  it  is  with  plants. 
People  exclaim  over  their 

»Sh,'^wZ":d"r.prr..''sr„s  lovdy  Howen,,  ^t  tM-k 

roota.     All  the  rootteto  are  covered  with     little  of  the  TOOtS.      RootS 

are  the  hidden  foundar 
tions  of  the  plant  (see  Fig.  235).  Stems,  branches,  and 
leaves  are  usually  found  above  the  ground  and  seeking 
after  the  sunlight.  Roots,  on  the  other  hand,  seem  to 
avoid  the  light  and  make  their  way  underground.  They 
have  neither  nodes  nor  axils. 

The  root  has  two  duties  to  perform  for  the  plant.  The  first  is  to 
gain  a  hold  in  the  soil,  and  to  keep  the  plant  secure  in  its  place.  With- 
out a  firm  foundation  the  plant,  like  the  house,  will  fall.  The  other 
duty  of  the  roota  is  to  take  in  food  and  water  from  the  soil.  We  have 
already  learned  (see  5§  154  and  155)  how  important  it  is  that  the  soil 
shall  have  the  right  structure,  so  that  roots  can  do  their  work.  Of 
course,  in  the  case  of  water  plants,  roots  take  their  food  from  the  wat«r. 
Air  plants  obtain  moisture  and  food  from  the  air. 
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Some  roots,  like  those  of  the  dandelion  and  radish,  go  down  in  one 
large,  long  portion ;  such  TootB  are  called  taproots.  Roots  which 
are  finely  divided,  like  those  of  grass,  are  called  fibrous  roots.  To 
which  clasa  does  the  beet  root  belong?  That  of  the  geranium?  Name 
Other  examples  of  each  kind. 

306.   Why  Do  Plants  Have  Flowers? — The  most  beau- 
tiful oi^an  of  our  common  plants  is  the  flower ;  but  the 
flower  is  even  more  useful  than  beautiful.     It  is  through 
the  flower  that  the  plant  re- 
produces itself  and  that  new 
plants  are  made  possible. 

Flowers  are  of  many  differ- 
ent shapes,  sizes,  and  colors ; 
but  they  are  more  or  less 
alike  when  we  study  them 
closely.  Examine  the  flowers 
of  the  hepatica,  the  spring 
beauty,  apple  or  cherry  blos- 
soms, or  the  Easter  lily,  and 
describe  them.  A  flower  bud 
is  usually  tucked  away  inside 
a  green,  leaf-like  covering. 
When  the  bud  opens,  these 
coverings  are  pushed  apart 
and  we  call  this  first  set  of 

parts    the    sepals      (see    Fig.  Fio.   236.  — Aq  Easter  Uly,   cut 

236).     The  colored,  attrac-     ^S'a'ilT''"^    ith»«3sepai. 
tive  petals  of  the  flower  are 

above  the  sepals  and  often  hide  them.     The  third  set  of 
parts  is  a  circle  of  tiny  organs  in  the  center  of  the  group 
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of  petals ;  these  are  called  the  stamens.  The  stamens 
produce  a  powdery  substance,  generally  yellow,  which  is 
called  pollen.  Inside  the  circle  of  stamens  is  another 
stem-like  structure  called  the  pistil.  Often  it  is  made  of 
several  parts,  each  of  which  is  called  a  carpel.  The 
stamens  and  the  pistil  are  the  plant's  real  organs  for 
producing  new  plants,  or  its  reproductive  organs.  The 
sepals  and  petals  are  really  changed  forms  of  leaves  (see 
§  302),  and  serve  to  protect  and  cover  the  stamens  and 
pistil,  as  well  as  to  add  attractiveness  to  the  flower. 
Sometimes  all  the  petals  are  joined  together,  as  in 
morning-glories  and  bluebells.  The  outer  flower  parts, 
that  is,  the  sepals  and  petals,  are  present  in  different 
numbers,  such  as  three,  or  four,  or  five.  How  many  petals 
are  there  in  apple  blossoms?  In  cherry  blossoms?  In 
the  Easter  Uly  ?  In  the  spring  beauty  ?  In  the  hepatica  ? 
What  is  the  number  of  sepals  in  each  of  these?  The 
number  of  stame^s  ?    The  number  of  carpels  ? 

307.  How  are  Seeds  Formed?  —  Probably  you  have 
already  marveled  at  nature's  wonderful  preparation  for 
the  coming  of  the  tiny,  new  plant.  If  you  have  not,  you 
will  certainly  do  so  when  you  learn  the  way  in  which  the 
pollen  reaches  the  pistil,  so  that  the  seed  can  be  formed. 
The  pollen  is  sometimes  blown  by  the  wind,  or  carried  by 
insects,  from  the  stamens  in  which  it  is  formed,  over  to 
the  pistil.  The  upper  tip  of  the  pistil  has  a  sticky  surface 
which  catches  the  pollen.  Each  pollen  grain  then  grows, 
and  sends  down  into  the  lower  enlarged  part  of  the  pistil 
(the  ovary)  a  slender  tube  down  which  the  pollen  cell  can 
travel.     In  the  ovary  the  pollen  cell  finds  another  cell 
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called  the  ovum,  or  ^'  egg/'  When  these  two  cells  come 
together,  they  unite;  the  uniting  is  called  fertilization. 
Without  fertilizatioij  the  ovum  cannot  develop  into  the 
embryo,  the  tiny  plant  which  we  find  between  the  two 
halves  of  the  bean.  The  plant  covers  the  embryo  with  a 
tough  covering,  such  as  is  found  in  the  bean.  Then  it 
stuffs  all  the  room  between  the  embryo  and  its  covering 
with  food.    Why? 

By  this  time  the  ovary,  or  enlarged  portion  of  the  pistil, 
is  entirely  changed.  In  the  bean  and  pea,  it  has  become 
the  pod,  filled  with  the  fully  formed  seeds. 

What  do  you  think  the  wonderful  forms,  colors,  and  odors  of  the 
flowers  are  for?  Some  flowers  even  produce  nectar,  a  sweet  liquid. 
As  the  flowers  attract  us,  so  they  attract  birds,  and  especially  insects. 
It  is  so  important  that  the  pollen  shall  reach  the  pistil  that  many 
plants  have  grown  to  depend  entirely  upon  the  insects,  rather  than 
the  wind,  as  the  carriers  of  pollen.  Bees  use  the  pollen  for  food.  So 
the  flower  produces  a  great  deal  of  it,  and  the  bee,  seeking  it,  crawls 
down  into  the  flower,  and  becomes  covered  with  the  pollen.  Some  of 
this  is  brushed  off  against  the  pistil  of  the  next  flower  that  the  bee 
visits,  and  fertilization  is  thus  brought  about. 

What  does  the  humming  bird  find  in  the  flower? 

308.  How  are  Seeds  Scattered  ?  —  The  wonder  of  the 
flowers  does  not  stop  with  the  formation  of  the  seed ;  for 
plants  have  developed  clever  ways  of  scattering  their 
seeds  (see  Fig.  237).  Because  of  this,  a  kind  of  plant 
may  be  found  not  only  in  one  small  section  of  country, 
but  over  great  areas  of  the  continent.  Examine  as  many 
seeds  as  possible,  including  peas,  acorns,  hickory  nuts, 
apple  seeds,  and  the  pits  of  some  fruits.    The  violet  and 
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wild  bean  and  similar  plants  produce  a  great  many  seeds 
in  a  seed  pod.  This  holds  the  seeds  until  they  are  large 
and  ripe.  Then  the  pod 
becomes  so  stretched 
that  it  bursts,  and  the 
seeds  fly  out  through 
the  air,  and  faU  some 
distance  from  the  par- 
ent plant.  Some  plant 
seeds,  such  as  those  of 
the  dandehon,  maple, 
and  thistle,  have  downy 
structures,  like  umbrel- 
las   with   little  wings. 

FiQ.  237.  —  Hve  different  devices  tor  the  The  wind  Catches  theSe 
Bcatteringof  Beoda.     Do  you  know  the  plant  ,  , 

that  produces  each  ?  seeds    up,    and    cames 

them  for  comparatively 
long  distances.  Seeds  are  also  carried  far  away  by 
water.  The  ocean  itself  carries  seeds  from  one  land  to 
another. 

Another  device  for  scattering  Reed  in  seen  in  the  cocUebur  and 
burdock.  The  plants  surround  their  seeds  with  stickers,  which  catch 
on  the  fur  of  animals,  including  the  clothing  of  boys  and  girls,  and 
are  thus  carried  to  new  fields  to  grow.  We  owe  the  benefits  and 
pleasures  derived  from  many  fruits  to  the  efforts  of  the  plants  to  scat- 
ter their  seeds.  The  fleshy  part  of  the  fruit  which  we  eat  is  simply 
a  ripened  part  of  some  of  the  reproductive  ot^ans  of  the  plant.  The 
fruit  is  carried  away  by  man  and  animals.  The  fleshy  part  is  eaten, 
and  the  seeds  grow  where  they  are  thrown,  in  a  new  location  far  from 
the  parent  plant.  Of  course  man  has  greatly  developed  many  fruits 
to  improve  the  form  which  nature  gave  them  (see  §  334). 
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309.  What  are   the  Lower  Plants  Like?  —  On  the 

north  side  of  tree  trunks  and  on  old  fences,  you  have 
often  noticed  a  green  stain.  This  is  one  of  the  simplest 
of  plants;  it  is  called  pleurococcus  (plu'ro-kok'us). 
Each  plant  is  so  small  that  it  has  to  be  magnified  by  a 
microscope  to  be  seen  at  all.  Indeed,  each  plant  consists 
of  only  one  cell  (see  §  296) .  This  plant  does  not  produce 
seeds,  but  simply  spUts,  or  divides,  to  form  two  or  more 
plants  instead  of  one.  The  new  cells  each  contain  part 
of  the  original  cell,  and  grow  to  full  size. 

Between  the  pleurococcus  and  the  flowering  plants, 
there  are  many  groups  of  plants.  One  of  these  groups 
is  called  the  fungi  (f un'ji ;  the  sin- 
gular is  f\ii)'g\is).  These  are  such 
plants  as  toadstools,  mushrooms, 
and  pufifballs,  which  do  not  produce 
flowers  or  true  seeds.  They  have 
another  striking  property  in  that 
they  do  not  have  any  chlorophyll, 
and  therefore  cannot  make  their  own 
food.  The  fungi  live  upon  other 
plants,  animals,  or  foods.  The 
yeast,  as  we  have  seen  (see  §  202), 
lives  upon  foods  containing  sugar. 
The  mushroom  lives  upon  decaying 
wood  or  leaves. 


Milk  BacilU 


Asiatic  C. 


/ 


Tetanus 
Bubonic  P. 


•  .  •  •   • 


Micrococci 


Typhoid  F. 


Pond  Spirilla 


Fig.  238.  —  Some  kinds 
of  the  tiny  plants  we  call 
bacteria,  bacilli,  and  micro- 

Bacteria  (see  Fig.  238)  are  also  a  low  order    cocci,  all  highly  magnified, 
of  plants.    They  have  only  one  cell.    They 

are  reproduced  very  rapidly  by  division  of  cells,  as  the  pleurococcus  is. 
Certain  bacteria  (see  §  204)  cause  milk  to  sour ;  certain  others  make 
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meat  decay ;  others  still  cause  some  of  the  different  diseases  which 

are  common  to  plants  and  animals. 

Mosses  and  ferns  do  not  produce  flowers,  or  true  eeeds  either. 

Ferns  are  cultivated  by  gardeners  for  their  beautiful /roiK/s,  or  leaves. 
Fir  trees,  pines,  and  hemlocks  belong  to  the  cone-bearing  plants. 
The  stamens  and  pistils  of  the 
flowers  are  produced  in  cones,  and 
the  seed  is  not  inclosed  in  a  special 
seed  ca^e  as  in  the  flowering  plants 
{see  F^.  239). 

Have  you  ever  seen  the  pale- 
green,  strange-looking  new  cones  of 
the  fir  or  pine  in  the  springtime  or 
early  sunamer,  or  the  dried,  little, 
brown    cones    of    some    Christmas 

Fig.  239.  —  On  the  left,  the  young  SIQ.     AtC        Wild       FlOWetS 

cone  of  a  spruce ;   on  the  right,  the      _,  _^.     __  .       _         „„ 

old  cone  of  a  pine.   The  aeeds  are    Woith  Preserving?  —  When 
th™wnoutwhenthedried-Bcaie«"     ^j^g    ^^^^    settlers    Came    to 

America,  they  found  a  land 
filled  with  wild  plants  and  animals,  and  only  a  few  people, 
the  Indians,  to  use  them.  So  they  killed  the  animals,  and 
destroyed  the  trees  and  other  plants  as  they  wished ; 
for  they  felt  that  there  were  so  many  of  every  kind  that 
they  could  not  possibly  use  them  up.  But  Americans 
have  learned  long  since  that  some  of  oiu-  native  animals 
will  be  entirely  gone,  or  "  become  extinct,"  jf  they  are  not 
protected.  So  laws  have  been  made  to  prevent  the  kill- 
ing of  deer,  wild  ducks,  and  other  game,  except  at  certain 
seasons,  and  then  only  in  certain  amounts.  The  same  is 
true  of  certain  kinds  of  fish.  The  buffalo  is  an  animal- 
which  onee  roamed  our  prairies  in  numbers,  but  became 
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almost  entirely  extinct.  Now  the  government  does  not 
allow  the  buffalo  to  be  hunted.     Why  is  this  done? 

Perhaps  the  deepest  reason  for  the  preservation  of  the 
buffalo  in  this  country  is  that  this  animal  is  a  wonderful 
form  of  life,  which  formed  a  part  of  original  America ;  hence 
some  of  these  animals  ought  to  be  left,  in  order  that  Ameri- 
cans of  the  future  may  still  be  able  to  enjoy  seeing  them. 

How  about  the  wild  flowers  of  our  country  ?  Did  you 
know  that  some  kinds  of  our  native  plants  have  been 
almost  entirely  destroyed  by  thoughtless  people?  Is  it 
not  worth  while  for  us  to  think  of  our  wild  plants,  as  of  our 
wild  animals,  as  a  part  of  original  America,  and  to  see 
to  it  that  they  are  not  utterly  destroyed?  Do  you  not 
think  that  you  can  get  far  more  pleasure  from  wild  plants 
if  you  let  them  grow,  so  that  you  can  go  back  to  see  them 
from  year  to  year,  than  from  tearing  them  up  to  wither 
and  die?  Few  wild  flowers  will  last  long  when  carried 
from  the  country  to  the  city.  Certainly,  even  country 
children  ought  to  be  content  to  pick  only  a  few  flowers 
of  any  one  kind,  and  to  leave  the  others  to  grow  for  the 
enjoyment  of  themselves  and  their  fellow  Americans  in 
future  years. 

311.  Exercises.  —  1.  Name  some  plants  and  trees  of  the  desert 
portions  of  the  United  States.    What  is  peculiar  about  them? 

2.  How  is  a  celery  stalk  made  white?  Why?  What  is  the  color 
of  a  potato  sprout  in  a  dark  room?  What  is  the  color  of  grass  that 
grows  for  a  time  under  a  board,  or  under  a  pile  of  leaves?  What 
happens  when  such  grass  is  brought  into  sunlight? 

3.  Have  leaves  a  form  which  makes  it  possible  for  them  to  shed 
water? 
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4.  Are  young  plants  ever  started  from  any  structures  except  the 
seed  ?  How  are  potatoes  planted  ?  What  is  meant  by  the  "  slipping  " 
of  such  plants  as  geraniums?  Is  the  strawberry  developed  from  its 
seeds? 

5.  What  leaves  are  of  importance  as  commercial  products? 

6.  What  is  the  difference  between  the  embryo  plant  and  the 
seedling? 

7.  How  does  the  tumbleweed  scatter  its  seeds? 

8.  Examine  some  buds  and  tell  the  different  ways  in  which  they 
are  protected  from  cold  weather. 

9.  Describe  the  stems  of  the  cherry,  oak,  maple,  catalpa,  cotton- 
wood,  hickory,  and  Unden  (boxwood)  trees.  Describe  their  leaves. 
Describe  their  friiit. 

10.  Describe  the  flower  of  a  dandelion.  Is  it  one  flower,  or  many? 
What  is  each  separate  flower  like? 

Summary. — ^Plants  need  food  for  energy  and  for  growth  and 
repair.  Unlike  animals,  green  plants  can  build  up  their  food  directly 
from  materials  in  the  soil  and  air. 

The  organs  of  a  plant  are  root,  stem,  leaves,  flower,  and  seeds. 

The  two  necessary  plant  duties  are  nutrition  and  reproduction. 

A  seed  consists  of  the  embryo,  or  germ,  and  the  food  stored  for  its  use. 

Germination,  or  sprouting,  is  the  process  by  which  the  embryo  be- 
comes an  independent  plant. 

Leaves  have  a  blade,  usually  a  petiole,  and  sometimes  stipules. 
They  may  be  parallel-veined,  feather-veined,  or  palm-veined.  They 
may  also  be  simple  or  compound. 

A  leaf  is  covered  with  a  colorless  epidermis  containing  breathing 
pores,  or  stomata,  through  which  the  interior  of  the  leaf  communi- 
cates with  the  outer  air. 

In  sunlight  the  leaf,  because  of  its  chlorophyll,  is  able  to  convert 
carbon  dioxide  and  water  into  carbohydrates  and  oxygen. 

Plants  climb  by  means  of  twining  stems,  tendrils,  and  flat  disks. 

Stems  usually  produce  buds  and  branches  in  the  axils  of  leaves. 
Stems  may  also  grow  underground,  as  rootstocks. 
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Roots  hold  plants  firmly  in  the  soil  and  absorb  the  plant's  food  from 
the  soil. 

Flowers  are  the  reproductive  organs  of  the  higher  plants.  When 
complete  they  consist  of  sepals,  petals,  stamens,  and  pistil. 

The  miion  of  poUen  from  the  stamens  with  an  ovum  of  the  pistil 
is  called  fertilization.    It  often  depends  upon  birds  and  insects. 

Many  plants  have  special  devices  for  scattering  their  seeds. 

Only  the  higher  plants  produce  seeds  in  a  closed  seed  case,  in 
such  plants  as  firs,  pines,  and  hemlocks  the  seeds  are  produced  in 
cones. 

Wild  flowers,  like  wild  animals,  are  worth  preserving  for  future 
generations. 


CHAPTER  XXXII 

PLANTS   OF  USE  TO   MAN 

312.  How  Does  Man  Make  Use  of  Plants?  —  We 

have  learned  something  of  the  work  of  plants  in  nature 
and  that  they  furnish  food  for  animals  and  man,  and  much 
of  the  shelter  and  clothing  of  man.  Do  plants  do  this  "  on 
purpose/'  or  because,  as  they  carry  on  their  own  life 
work,  they  prepare  materials  which  man  wants  and  uses  ? 
Thus  the  bean  plant  stores  the  cotyledons  of  its  seed 
with  food  for  the  young  plant  (see  §  298) ;  but  man  eats 
the  seed  to  nourish  himself.  So  trees  grow  strong  trunks 
to  lift  their  leaves  high  into  the  sunlight  and  to  stand 
firmly  against  the  wind;  but  man  uses  the  tree  trunks 
for  telegraph  poles  and  boards.  In  the  same  way  the 
maple  tree  has  in  early  spring  a  sugary  sap  intended  for 
the  nourishment  of  the  new  growth  of  the  tree ;  but  man 
drills  holes  into  the  trunk,  and  secures  a  juice  which  he 
''  boils  down ''  to  form  maple  syrup  and  maple  sugar. 
Can  you  name  some  other  cases  of  the  same  sort  ? 

Fortunately  for  man,  he  has  been  able  to  find  in  almost 
every  land  the  plants  h^  needs  for  his  life,  and  in  the  days 
in  which  it  was  hard  for  him  to  travel  from  one  region 
to  another  he  could  make  use  of  what  he  found  in  his  own 
neighborhood.  Nowadays  many  plant  products  which 
were  unknown  to  our  forefathers,  or  only  luxuries,  are 
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common  articles  of  food  or  clothing,  because  of  the  rapid 
transportation  made  possible  by  steamships  and  raih-oads. 
What  are  some  foods  that  come  from  far-away  lands  ? 
When  these  lines  of  transportation  fail,  as  they  did  in  the 
Great  War,  even  a  highly  civilized  country  may  find 
itself  suffering,  and  in  danger  of  starvation,  because  of 
the  lack  of  some  articles  it  has  come  to  depend  upon  for 
food. 

Man  has  brought  in  not  only  the  products  of  the  plants  of  other 
lands,  but  he  has  brought  in  the  plants  themselves,  and  tried  to  grow 
them.  In  some  cases  he  has  not  succeeded ;  but  in  many  others  he 
has  been  able  to  grow  the  plant  as  well  in  its  new  home  as  in  the  old. 
So  we  have  in  our  own  country  some  common  food  plants  that  are 
native  to  America,  and  others  which  were  either  brought  in  by  the 
early  settlers,  or  recently  introduced  by  expert  growers.  Thus,  most 
of  our  California  oranges  come  from  plants  originally  brought  from 
Brazil;  while  our  cultivated  strawberry  plants  are  probably  de- 
scendants of  some  that  came  from  Chili.  Indian  com,  tomatoes, 
and  potatoes  are  native  American  plants  which  have  been  carried 
to  other  parts  of  the  world  since  the  discovery  of  America.  Can  you 
name  any  others? 

313.  Does  Man  Eat  Grass?  —  Do  you  think  it  is 
ridiculous  for  us  to  speak  of  man's  eating  grass?  It  will 
not  seem  so  when  you  learn  that  not  only  the  grass  of 
our  lawns  and  of  country  meadows,  but  our  common 
grains,  such  as  wheat,  corn,  and  rice,  are  really  members 
of  the  same  family,  or  group ;  this  is  called  the  grass 
family.  The  grass  family  of  plants  is  made  up  of  thou- 
sands of  kinds.  These  are  very  different  in  size  and  in 
some  other  quaUties,  but  they  are  alike  in  having  very 
simple  flowers  and  in  producing  a  fruit  which  is  seed- 


388  JUNIOR  SCIENCE 

like.     The  flowers  grow  in  close  clusters.     You  would 

not  think  them  flowers  at  all,  perhaps,  for  they  have  only 

the  stamens  and  the  pistils,  and  neither  sepals  nor  petals. 

Have  they  the  really  necessary  organs?     From  the  fact 

that  the  flowers  of  the  grass  family  are  not  showy,  would 

you  think  that  they  need  the  help  of 

inaects  to  get  the  pollen  from  the  stamens 

to  the  pistils?     Why? 

The  grasses  have  peculiar  little  scales,  or  bracts, 
which  serve  as  a  protection  for  the  seed,  or  grain. 
It  is  these  bracts  that  fiy  off  and  fill  the  air  of 
the  farm  granary  at  threshing  time.  We  call  it 
chaff.  Have  you  ever  seen  the  process  of  thresh- 
ing wheat,  by  which  the  grain  is  separated  from 
the  stalk  and  chaff,  and  is  made  ready  for  the 
mill? 

Can  you  find  some  grass  which  has  "  gone  t^ 
seed,"  or  some  dried  stalks  of  timothy  hay?  K 
possible,  get  some  unthreshed  wheat,  or  stalks  of 
oats  of  last  year,  and  examine  its  stem  and  leaves 
and  the  dried  bracts  and  grain  upon  it. 

Soak  a  grain  of  corn  in  lukewarm  water,  and 

then  remove  its  outer  covering.     Do  you  get  any 

evidence  of  two  "  halves,"  as  in  the  case  of  the 

Ft        240  —A     ^^^"^    ^"i  ^^^  '^"^  ^^^  ^  ^^^  other  grasses 

Btaik  at  Indian  com,     ^lave  only  One  cotyledon  in  the  seed,  instead  of 

with  its  tasBele   (at      two. 

the    top)    and   eara 

SrSf'p'ifcStal  Com  (Fig.  240)  is  different  from  the 
from  the  tops  of  the  other  common  grasses  in  the  way  its 
oi^ans  of  reproduction  are  arranged.  It 
has  only  the  stamens  and  pistils  of  the  flower,  as  is  the 
case  with  the  others,  but  these  organs  grow  some  dis- 
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tance  apart.  The  stamens  are  the  ''  tassels/'  and  grow 
m  clusters  at  the  tips  of  the  stalks ;  the  pistils  grow  in  the 
axils  of  the  leaves  (see  §  303)  on  the  sides  of  the  stalks. 
The  pistils  are  protected  by  large  bracts.  Where  do  we 
find  the  ears  of  corn?  Are  the  ears  developed  stamens 
or  pistils?  What  is  the  "  silk  ''  which  projects  from  the 
tip  of  the  ear  ? 

314.  What  Grasses  Does  Man  Use?  —  We  have 
aheady  learned  that  wheat,  corn,  and  rice  belong  to  the 
grass  family ;  the  same  is  true  of  oats,  rye,  barley,  and 
millet.  We  must  not  forget  some  grasses  which  are  not 
used  for  their  seed,  but  for  their  juice,  or  sap ;  thesei  are 
sugar  -cane  and  sorghum.  There  is  also  the  important 
grass  that  grows  to  the  size  of  a  tree,  the  bamboo.  Where 
does  the  bamboo  grow?  Neither  must  we  forget  the 
grasses  we  dry  and  use  for  fodder  for  the  animals  of  the 
farm  in  winter.  The  most  important  of  these  are  timothy 
and  redtop.  There  is  also  blue  grass,  so  called  from  its 
blue-green  color,  which  forms  the  wonderful  pasture 
grass  of  Kentucky  and  the  neighboring  states  and  makes 
such  excellent  grass  for  the  lawn. 

Wheat  is  grown  chiefly  in  the  Northern  States,  although 
some  kinds  of  it  do  well  in  regions  of  limited  rainfall, 
such  as  are  found  in  parts  of  Texas  and  Oklahoma.  It 
does  not  do  well  in  the  moist,  cold  climate  of  northern 
Europe,  but  grows  wonderfully  in  parts  of  Russia.  A 
large  crop  comes  from  Argentina.  There  are  two  kinds 
of  wheat,  according  to  the  time  they  are  planted.  One 
is  called  winter  wheat,  and  the  other  spring  wheat.  How 
can  wheat  planted  in  October  be  kept  from  freezing? 
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It  germinates  and  makes  a  little  growth  before  the  gromid 
freezes  and  snow  comes.  The  green  shoots  may  freeze, 
but  the  plant  as  a  whole  does  not  and  is  ready  to  take 
advantage  of  the  first  warm  day  of  spring.  As  a  result  it 
completes  its  growth  early  and  is  ready  for  harvesting  in 
early  summer,  long  before  the  spring  wheat. 

Have  you  ever  seen  the  beautiful,  green  fields  of  winter  wheat? 
It  is  not  the  cold  weather  that  harms  the  wheat  so  much  as  alternate 
thawing  and  freezing.  We  can  comfort  ourselves,  when  the  winter 
is  a  hard  one  and  there  is  a  great  deal  of  snow,  with  the  thought  that 
the  wheat  is  safely  covered,  and  is  likely  to  give  us  a  good  harvest. 

Oats  do  not  require  so  rich  a  soil  as  wheat  (see  §  159).  The  seed 
is  planted  in  early  spring.  Oats,  like  wheat,  grow  better  in  a  cool 
climate.  For  what  is  the  oats  crop  used  principally?  D6  people 
use  oats?  Look  up  the  composition  of  oats  in  Appendix,  Table  IV. 
Do  they  have  a.high  food  value?  Rye  has  winter  and  spring  varieties, 
much  as  wheat  has.  Barley,  like  rye  and  oats,  is  used  as  a  substitute 
for  wheat  when  wheat  is  scarce. 

315.  Hew  Do  Com  and  Rice  Grow?  —  Corn,  as  we 
have  seen  (see  §  313),  is  a  native  grass  of  America,  and 
was  known  to  the  Indians  and  grown  by  them  as  a  food 
crop  long  before  America  was  known  to  the  white  man. 
It  is  grown  in  abnost  all  parts  of  our  country,  but  there 
is  a  region  of  the  Middle  West  called  the  ''  corn  belt," 
where  it  is  the  principal  crop.  Where  is  the  com  belt? 
In  Europe  corn  does  not  grow  so  well  as  in  America, 
hence  what  corn  is  used  there  is  largely  imported  from  this 
country.     What  is  the  chief  use  of  corn? 

Name  some  of  the  different  kinds  of  com.  Of  course  you  will  in- 
clude sweet  com,  which  has  a  good  deal  of  sugar  in  it,  and  pop  com 
(see  §  195).    The  two  principal  kinds  of  "  field  com  "  are  known  as 


PLANTS  OF    USE    TO   MAN  391 

"  flint  "  com  and  "  dent  "  corn.  The  flint  com  gets  its  name  fron; 
the  fact  that  it  is  hard  and  translucent,  like  flint ;  generally  it  is  best 
for  a  region  where  the  summer  is  short,  as  it  ripens  very  quickly. 
Dent  com  is  soft  and  has  a  larger  grain  with  a  dent  at  the  top  of  the 
grain.     It  often  grows  to  a  great  height :    16  or  20  feet ;  but  it  some- 


Fiii.  241.  —  A  field  of  rice  planted  in  flooded  ground, 

times  requires  five  or  six  months  to  ripen  properly.  Find  out  what 
products  are  made  from  com.  Do  you  know  any  boy  or  girl  who  has 
learned  how  to  judge  the  quality  of  corn?  Is  pop  com  more  like  a 
flint  com  or  a  dent  com? 

Rice  (Pig.  241)  belongs  to  the  grass  family,  but  it  differs 
from  other  members  in  beginning  its  life  as  a  water  plant. 
It  is  planted  in  flooded  land  and  needs  a  soil  that  remains 
very  moist.     It  is  a  native  of  the  East  Indies,  and  is  the 
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principal  food  of  the  peoples  of  Asia,  or  of  one  half  of  the 
human  race.  In  our  own  country  rice  is  an  important 
crop  of  the  South- 
em  States.  Look 
up  the  food  value 
of  rice  in  Appen- 
dix IV,  and  com- 
pare it  with  that 
of  oats,  com,  and 
beans. 

316.  How  Do 
Sugar  Cane  and 
Bamboo  Grow? 
—  Have  you  ever 
had  some  of  the 
ripe  stalks  of  the 
sugar  oane  and 
chewed  them  for 
the  sweet  sap  they 
contain?  They 
iKe  .»tfw«i  s     f™.(«to«  «t  "•'    "''"^  ^  great  deli- 

F/aiadelphitt  Cammccua  Uucun.)       CaCy .  AS       yOU 

FlQ.   242. —  How  the  juice  of  the  Bugac   cane   is    !.„„„    siifi-ar  CftHP 

crushed  out  of  the  stalk.  Kuow,  sugar  cane 

is  cultivated  in 
our  Gulf  States ;  a  great  deal  is  grown  also  -in  Cuba, 
Java,  the  Philippines,  and  Hawaii.  The  cane  forms  a 
large  grass  with  a  solid  stem.  In  order  to  get  the  sugary 
sap  out  of  the  stems,  men  crush  them  (Fig,'  242)  between 
rollers,  or  grinders ;  the  sap  is  then  boiled  down  to  get 
the  sugar  to  crystallize  out  (see  §  118), 
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The  sugar  obtained  by  this  first  crystallization  is  brown  sugar, 
colored  by  some  of  the  other  materials  of  the  sugar  cane.  The  sticky 
liquid  from  which  the  sugar  crystallizes  out  is  molasses.  To  purify, 
or  refine,  the  brown  sugar,  men  dissolve  it  again  in  water,  and  filter 
the  water  solution  (see  §  139)  through  a  filter  of  charcoal.  The  char- 
coal removes  the  dark  color  of  the  brown  sugar  solution,  and  when 
the  solution  is  boiled  down  once  more,  the  sugar  which  crystallizes 
out  is  our  familiar  white  sugar.  The  solution  from  which  the  refined 
sugar  separates  is  sirup.  You  would  not  think  that  black  charcoal 
could  take  dark  colors  out  of  sugar  solutions,  but  it  is  so.  Sugar  is  a 
definite  substance  (see  §  110),  and  is  found  in  other  plants  besides 
the  sugar  cane.  In  Europe  most  of  the  sugar  is  obtained  from  sugar 
beets. 

Have  you  ever  used  a  bamboo  fishing  pole?  It  prob- 
ably came  from  the  South,  and  is  a  small  kind  of  bamboo 
that  grows  in  the  canebrakes.  The  I'eal  bamboo  grows 
in  Asia,  and  is  of  the  greatest  importance  to  the  people. 
Some  kinds  of  bamboo  reach  a  height  of  100  feet  and  are 
a  foot  in  diameter.  You  can  see  that  such  great  stalks 
could  be  used  for  building  bridges  and  houses,  for  water 
pipes,  rain  troughs^  and  fences;  and  this  is  just  what 
the  people  do  with  them.  They  also  use  bamboo  in  split 
form  and  weave  from  it  baskets,  mats,  and  screens.  In 
fact,  it  largely  takes  the  place  of  wood  and  of  metals. 

317.  Why  Is  Wheat  Used  for  Bread  ?  —  Have  you  ever 
wondered  why,  with  so  many  grains,  such  as  barley,  rye, 
oats,  rice,  and  corn  to  choose  from,  our  people  should 
insist  on  using  wheat  for  their  yeast  bread?  In  the 
countries  of  Europe,  where  wheat  is  difficult  to  grow, 
barley  and  rye  breads  have  been  used  for  centuries  in- 
stead of  wheat  breads.     Do  you  remember  the  experiment 


394  JUNIOR  SCIENCE 

we  carried  out  in  §  190,  in  which  we  separated  the  starch 
of  wheat  flour  from  the  gluten  ?  Review  this  experiment. 
Gluten  is  good  not  only  because  it  fmnishes  us  nitro- 
gen in  oiu*  bread,  but  because  it  is  sticky,  and  holds  the 
dough  together.  Now,  when  yeast  ferments  the  bread, 
producing  carbon  dioxide  (see  §§  201  and  202),  it  is 
necessary  that  the  dough  shall  hold  the  carbon  dioxide 
and  prevent  it  from  escaping  until  it  has  collected  in  a 
large  amount.  As  we  have  learned,  it  is  the  gas  bubbles 
that  make  the  bread  porous  and  light.  Wheat  has  more 
gluten  in  it  than  any  of  the  grains,  and  this  is  the  reason 
it  is  so  good  for  bread-making.  Rye  is  next  best  in  its 
amount  of  sticky  material,  and  in  spite  of  a  darker  color 
than  wheat,  makes  a  nutritious  and  wholesome  bread. 
Breads  can  be  made  by  proper  methods  from  the  other 
food  grains,  especially  if  their  flours  are  mixed  with  a  cer- 
tain amount  of  wheat  flour,  or  rye,  so  that  they  have  the 
advantage  of  the  large  supply  of  sticky  material  found 
in  the  wheat  and  rye. 

Wheat  flour  is  the  wheat  grain  ground  to  powder.  If  the  seed 
coat,  corresponding  to  the  "  skin  "  of  the  bean,  is  left  with  the  flour, 
we  have  Graham  flour ;  if  the  seed  coat,  and  nothing  else,  is  removed, 
we  have  whole  wheat  flour.  The  seed  coat  forms  "  bran."  If  the 
flour  is  "  bolted,"  that  is,  sifted  through  very  finely  woven  cloth,  any 
bits  of  the  seed  coat  that  remain,  and  the  darker,  harder,  outside 
portions  of  the  grain  are  removed,  and  the  flour  is  whiter.  It  has 
lost,  however,  some  of  the  nutritious  material  found  on  the  outside 
of  the  wheat  grain. 

Both  winter  and  spring  wheats  have  varieties  known  as  "  hard  " 
and  "  soft "  wheats.  Hard  wheats  are  those  with  a  great  deal  more 
gluten  in  them,  and  less  starch,  than  the  soft  wheats.    The  "  maca- 
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roni "  wheats  have  so  much  sticky  material  that  they  are  not  good 
for  making  yeast  bread.    Can  you  tell  why? 

318.  What  are  the  Legumes?  —  Legume  (leg'yum) 
is  an  uncommon  word,  but  it  stands  for  some  very  com- 
mon plants.  Really,  legume  is  the  name  of  the  peculiar 
pod  which  forms  the  seed  case  for  these  plants.  You 
have  all  seen  this  pod  in  the  case  of  green  peas  and  string 
beans,  as  well  as  when  the  pods  are  ripe  and  ready  to 
split  into  their  two  parts,  05  valves.  The  legumes,  or 
leguminous  plants,  as  they  shjould  be  called,  all  have  two 
cotyledons  in  the  seed  (see  §  298).  They  include  such 
plants  as  clover,  alfalfa,  peas,  beans,  lentils,  wisteria, 
bluebonnet,  the  locust  and  redbud  trees,  and  many 
others.  Have  you  ever  seen  the  beautiful  flowers  of  the 
redbud  in  early  spring,  before  the  leaf  buds  of  the  tree 
opened?    All  the  legumes  have  their  flowers  in  clusters. 

Have  you  seen  any  other  flowers  of  the  legumes?  Of 
course  you  have,  in  the  sweet  peas  at  the  florist's,  even 
if  you  have  not  raised  them  at  home.  What  is  the  shape 
of  the  sweet  pea,  and  how  many  sepals  and  petals  has  it  ? 
You  remember  that  one  of  the  petals  is  much  larger  than 
the  others,  and  stands  upright,  like  a  banner,  or  standard; 
two  of  the  petals  are  like  wings ;  while  the  remaining  two 
look  somewhat  like  the  keel  of  a  boat,  and  form  a  little 
box  for  the  stamens  and  pistil.  Do  the  attractive  color 
and  odor  of  the  sweet  pea  suggest  that  the  plant  has  need 
of  insects  or  other  creatures?  As  a  matter  of  fact,  the 
"  keel ''  of  the  flower  is  a  special  device  by  which  the  plant 
causes  an  insect  which  visits  it  to  carry  the  pollen  of  one 
flower  to  the  pistil  of  another. 
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When  we  speak  of  the  plants  which  the  farmer  raises  in  his  pasture 
or  meadow  as  food  for  his  cattle,  we  must  not  forget  clover  and  alfalfa. 
These  are  not  grasses  at  all,  but  legumes.  The  clover  does  not  seem 
to  have  flowers  much  like  peas  and  beans,  unless  you  examine  them 
closely ;  but  they  are  really  all  alike,  except  that  those  of  the  clover 
are  in  a  close  head.  Have  you  ever  examined  a  clover  head  gone  to 
seed?  What  are  some  different  kinds  of  clover?  Does  the  clover 
produce  anything  that  is  attractive  to  bees,  and  causes  them  to  pay  it 
frequent  visits? 

Alfalfa  is  also  called  lucerne.  It  was  brought  into  America  from 
Europe  as  a  forage  plant  that  could  be  grown  profitably  in  the  drier 
regions  of  some  Western  States ;  .but  it  is  now  grown  in  many  other 
parts  of  the  country. 

Have  you  ever  thought  of  another  conmion  legume?  How  about 
the  peanut?  Open  the  halves  of  a  peanut:  an  unroasted  one,  if 
possible,  and  see  if  you  can  find  the  germ.  What  is  it  like?  Do  you 
know  the  peculiar  way  in  which  peanuts  are  harvested?  They  are 
dug  from  the  ground,  like  potatoes.  The  plant  produces  the  flower 
above  ground,  but  when  the  pod  begins  to  develop,  the  plant  forces 
it  into  the  ground  to  ripen.    The  peanut  is  also  called  a  goober. 

319.  How  Do  Legumes  Capttire  the  Nitrogen?  —  We 

have  one  more  very  important  thing  to  learn  about  the 
legumes.  Do  you  remember  that  in  our  study  of  foods 
(see  §§  188  and  190)  we  found  that  our  bodies  need  some 
foods  containing  nitrogen  to  build  up  our  tissues?  The 
same  is  true  of  all  living  things.  Strangely  enough, 
while  all  plants  need  nitrogen,  the  legumes  are  almost 
the  only  food  plants  which  contain  it  in  large  quantities. 
There  is  a  great  deal  of  nitrogen  in  the  air,  but  plants 
cannot  use  it;  so  when  nitrogen  is  added  to  a  plant's 
food,  it  must  come  from  the  nitrogen  compounds  dissolved 
in  the  soil,  and  be  taken  up  by  the  roots  of  the  plant. 
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Therefore  we  would  expect  that  as  the  legumes  contain  a 
great  deal  of  nitrogen,  and  as  they  must  get  it  from  the 
soil,  the  ground  on  which  legumes  are  grown  would  lose  a 
good  deal  of  its  nitrogen.  But  the  opposite  is  true :  if 
a  crop  of  clover,  or  alfalfa,  or  beans,  is  grown  upon  a 
piece  of  land,  the  land  becomes  actually  richer  in  nitrogen 
than  before. 


Men  have  known  for  years  that  growing  clover  or  alfalfa  upon  soil 
improved  the  soil  for  other  plants,  but  only  recently  have  they  learned 
the  reason.  If  you  pull  up  a  half- 
grown  clover  plant,  you  will  find  on 
its  roots  little,  wart-like  growths  which 
are  called  root  tubercles  (tu'b§r-kls; 
see  Fig.  243).  Inside  the  tubercles 
are  multitudes  of  bacteria  of  a  special 
kind,  which  have  the  power  to  unite 
the  nitrogen  of  the  air  with  oxygen 
and  other  substances  and  produce 
nitrogen  compounds.  The  roots  of 
the  clover  and  other  legumes  provide 
homes  for  these  bacteria,  and  then  are 
able  to  feed  upon  some  of  the  nitrogen 
foods  which  they  produce.  The  clover, 
or  other  legume,  does  not  use  all  of 
these  foods ;  hence  when  the  plant  is 
removed,  some  nitrogen  food  is  left 
for  the  next  plant  to  be  grown  upon 
that  soil.     Is  not  this  a  wonderful 

partnership  between  the  nitrogen-gathering  bacteria  on  the  one  hand, 
and  the  legumes  on  the  other? 

This,  then,  is  the  reason  why  the  legumes  are  not  only  able  to  live 
upon  a  soil  that  is  poor  in  nitrogen,  but  to  leave  the  soil  richer  in 
nitrogen  than  it  was  before.    Have  you  ever  heard  that  farmers  often 


FiQ.  243.  —  A  red  clover  in 
blossom.  Note  the  tubercles  on 
the  roots. 
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grow  clover  or  alfalfa  in  a-  field,  and  then  plow  it  under,  in  order  that 
the  ground  may  be  more  valuable  for  other  crops?    Review  §  159. 

320.  Why  Do  We  Eat  Vegetables ?  — By  "a  vege- 
table "  we  mean  part  of  a  plant  which  is  edible,  or  fit 
to  be  eaten.  We  have  already  learned  (see  §  193)  that 
our  common  garden  vegetables  include  the  seeds,  stems, 
roots,  and  leaves  of  certain  plants.  Thus  the  sweet 
potato  is  a  root,  while  the  potato  is  an  underground  stem. 
In  the  asparagus,  celery,  and  rhubarb  we  eat  the  stalk, 
in  lettuce  and  cabbage  the  leaves,  in  tomatoes  and  cucum- 
bers the  fruit,  and  in  cauhflower  the  flower  itself.  What 
vegetables  are  seeds? 

We  may  divide  vegetables  roughly  into  two  classes: 
(1)  those  which  we  call  starchy  vegetables ;  and  (2)  those 
which  are  jiiiey,  or  succulent.  We  eat  the  starchy  vege- 
tables largely  because  they  are  good  fuel  and  give  us 
energy  (see  §  189).  We  eat  the  juicy  vegetables  because 
they  have  a  pleasant  flavor,  add  bulk  to  our  food,  provide 
the  necessary  mineral  food  (see  §  191),  and  give  us  the 
important  growth  substances,  commonly  called  ''vitom- 

Make  a  list  of  the  vegetables  with  which  you  are  famihar,  and  tell 
which  might  be  called  starchy  and  which  juicy.  Do  you  try  to  have 
some  of  each  class  every  day?  Scientists  say  that  three  fourths  of 
the  American  people  do  not  eat  enough  vegetables. 

321.  What  Fabrics  Do  We  Get  from  Plants?  — We 

have  already  learned  some  things  regarding  the  materials 
of  clothing  (see  §  181)  and  of  the  difference  between 
their  fibers.    What  are  the  most  important  plant  fabrics 


PLANTS  OP   V3E!   TO  MAN  399 

besides  cotton  and  linen?  They  are  hemp  and  straw, 
are  they  not  ? 

The  cotton  plant  needs  a  long  growing  season,  so  it  is 
grown  in  regions  which  combine  the  right  soil  conditions 
with  a  warm  cUmate.  India,  Egypt,  and  our  own 
Southern  States  have  both  the  soil  and  the  climate.  Sea- 
island  cotton  is  that  grown  in  the  low  lands  of  our  south- 
eastern coast;  it  has  especially  long  and  silky  fibers. 
Upland  cotton  is  that  grown  away  from  the  coast.  The 
cotton  seeds  and  fibers  are  inclosed  in  a  seed  case,  called 
a  boll. 

The  cultivation  of  cotton  on  a  large  scale  was  made 
profitable  by  the  invention  of  the  cotton  gin  (Fig.  244) 
by  Eli  Whitney  in  1792.  Until  this  machine  was  invented, 
the  seeds  had  to  be  separated  from  the  fibers  by  hand. 
You  may  imagine  what  a  slow  and  difficult  process  this 
was.  But  by  the  use  of  the  gin  the  process  is  a  rapid  one, 
and  the  seed,  as  well  as  the  cotton  fiber,  has  great  com- 
mercial miportance.  The  reason  for  this  is  that  the  seed 
contains  a  great  deal  of  fat,  called  "  cottonseed  oil,'' 
which  can  be  used  as  a  substitute  for  olive  oil  and  lard, 
and  for  the  fats  needed  in  soap-making.  To  get  the  oil 
out  of  the  seed,  the  seed  must  be  compressed  strongly ; 
what  is  left  is  called  seedcake,  and  is  sold  as  food  for 
cattle.  When  you  learn  that  about  two  pounds  of  cotton 
seed  are  produced  for  every  pound  of  cotton,  you  will 
reahze  how  important  it  is  that  these  by-products  of 
cotton-raising  shall  be  put  to  use. 

We  turn  now  to  linen.  Ancient  books  speak  often  of  linen  gar- 
ments, so  we  know  that  the  flax  plant,  from  which  linen  is  made, 
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has  been  useful  to  man  for  thousands  of  years.  The  linen  fiber  comes 
not  from  the  seed,  as  is  true  of  cotton,  but  from  the  Btem.  The  fibers 
of  the  flax  are  so  closely  held  in  the  stems  that  they  must  be  put  through 
a  long  process  of  retting,  or  rotting,  before  the  fibers  can  be  separated. 
Then  the  fibers  can  be  made  into  linen  thread  or  cloth. 


lKtlir(iai.c^  bll  pemiudan  arilir  Plilliuteliilila  Ctmmmlal  Jfwnen.l 
n  Bin  (short  foe  "engine")  the  cotton  leed  is  separated 
Id  the  figure  men  are  shoveling  up  the  seed. 

The  Beeds  of  the  flax  are  also  used,  as  in  the  case  of  cotton ;  from 
them  we  obtain  linseed  oil  (see  §  33),  which  is  used  in  large  amounts 
for  the  making  of  paints.    Do  you  know  of  any  other  use  of  flaxseed? 

Hemp,  like  flax,  is  not  a  plant  native  to  the  United  States,  but  has 
been  brought  here  from  the  Old  World.  There  are  many  substitutes 
for  the  true  hemp.  Thus,  Manila  hemp  is  a  fiber  obtained  from  a 
a  grown  in  the  Philippines.    For  what  is  hemp  used? 
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Straw  is  the  dried  stalk  of  many  grain  plants,  such  as  wheat,  oats, 
and  rice.    What  is  straw  used  for,  besides  as  fodder  for  cattle? 

322.  What  is  a  Fruit?  —  What  is  the  difference  be- 
tween a  vegetable  and  a  fruit  ?  In  the  case  of  some  plants 
the  work  of  the  plant  is  done. when  the  embryo  is  de- 
veloped, and  the  seed  case  is  stuffed  with  food  for  the 
embryo  to  use  when  it  begins  to  germinate.  But  in  many 
plants  this  is  not  all :  important  changes  take  pla«e  in 
other  parts  of  the  reproductive  organs  as  well,  and  we  get 
edible  fruits.  Really  a  fruit  is  the  ripened  ovary,  or  egg 
case,  and  its  contents ;  but  in  popular  language  we  use 
the  word  fruit  without  thinking  much  of  the  seed,  and 
only  of  the  pulpy  tissue  which  comes  with  it.  We  might 
call  such  fruits  "  fleshy  "  fruits. 

Name  some  berries.  A  real  berry  (Fig.  245)  is  an 
ovary  with  its  seeds  and  fleshy  material,  and  with  a  thin 
outside  "  skin."  Grapes,  gooseberries,  and  blueberries 
are  real  berries, 
are  they  not? 
How  about  rasp- 
berries? A  rasp- 
berry is  really  a 
cluster  of  berries,    Gr.pc  Rjpb«D. 

which  comes  off  Fto.  246,  —  How  Borne  of  our  "benies"  look,  when 
,  .1      1        i_  cutthrough.     What  is  the  real  beny  in  each  case  t 

from  the  knob,  or 

receptacle,  that  forms  the  top  of  the  flower  stem.  What 
is  a  strawberry?  Have  you  ever  bitten  or  cut  a  straw- 
berry in  two,  and  noticed  the  fine  lines  running  from  the 
outside  of  the  berry  to  its  center?  These  are  tubes  that 
connect  the  seeds  with  the  top  of  the  flower  stalk.     It  is 
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this  pulpy  top,  or  receptacle,  that  we  enjoy  eating ;  the 
seeds  are  the  gritty  particles  which  are  embedded  in  it. 
In  blackberries  we  eat  both  the  cluster  of  berries  and  the 
receptacle. 

What  are  citrous  fruits?  They  are  fruits  like  oranges,  lemons,  and 
grapefruits.  In  their  case  the  thin  skin  of  the  berry  has  become  a 
tough,  leathery  hide.  Pumpkins  and  melons  go  a  step  farther,  and 
the  ovary  walls  become  rinds.  Fruits  which  contain  stones,  or  pits, 
such  as  cherries,  plums,  peaches,  and  apricots,  are  the  result  of  the 
wall  developing  in  two  layers :  (1)  a  hard  layer  surrounding  the  seed ; 
and  (2)  a  pulpy  layer  covered  by  a  thin  skin. 

What  kind  of  fruit  is  the  banana  ?  It  is  really  a  berry,  as  you  can 
see  if  you  cut  it  across.  Its  seeds  are,  however,  mere  remnants  of 
seeds,  and  unable  to  develop  into  new  plants.  We  learned  in  §  321 
that  we  eat  juicy  vegetables,  not  for  the  fuel  they  give  us,  but  for 
their  flavor,  minerals,  and  the  like.  The  same  is  true  of  most  pulpy 
fruits.  But  the  banana  has  the  qualities  both  of  a  fruit  and  of  a  starchy 
vegetable,  such  as  a  potato.  How  does  the  banana  skin  differ  from 
other,  tough,  fruit  skins,  such  as  those  of  an  orange  or  a  watermelon? 


323.  Exercises.  —  1.  What  are  some  plant  foods  used  by  us  that 
were  very  rare  a  hundred  years  ago? 

2.  Can  you  think  how  a  "  spineless  "  cactus  could  be  produced 
from  a  spiny  one?    Of  what  use  would  a  spineless  cactus  be? 

3.  How  was  the  seedless  orange  developed?    Who  did  it? 

4.  What  was  the  importance  to  the  world  of  the  invention  of  the 
reaper  by  Cyrus  McCormick?    What  was  the  date? 

5.  What  is  com  sirup?  For  what  is  it  used?  Examine  a  paper 
bag  in  which  commeal  has  been  kept.  Do  you  get  any  evidence  of 
an  oily  substance  in  com? 

6.  Examine  a  "  head  "  of  red  clover.  Is  the  head  one  flower, 
or  many?  What  is  each  separate  flower  like?  Which  part  of  the 
clover  ripens  first,  the  outer,  or  the  inner,  part? 
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7.  Why  is  com  allowed  to  stand  in  great  stacks,  or  shocks,  after 
being  cut? 

8.  What  is  meant  by  the  "  curing  "  of  hay  and  clover?    What 
is  the  purpose  of  the  curing? 

9.  Does  the  value  of  vegetables  and  fruits  as  food  depend  on  the 
energy  we  get  from  them?    Explain. 

10.  Why  is  a  hard-working  horse  fed  upon  oats  in  addition  to  hay? 

11.  What  are  some  of  the  varieties  of  the  potato?  Of  what  value 
is  the  potato  as  food? 

12.  Is  beet  sugar  produced  in  the  United  States?    Where? 

Summary.  —  As  plants  carry  on  their  life  work,  they  produce 
materials  which  man  can  use. 

Man  brings  into  his  own  land  not  only  the  products  of  foreign 
plants  but,  in  many  cases,  the  plants  themselves. 

The  grass  family  includes  not  only  "  grass,"  but  our  grains,  cane 
sugar,  and  bamboo. 

Wheat  is  useful  for  bread,  not  only  because  of  its  food  value,  but 
because  of  its  sticky  material,  or  gluten,  which  allows  the  bread  to  be 
"  raised  "  by  yeast. 

Beans,  peas,  clover,  alfalfa,  and  similar  plants  produce  their  seed 
in  a  peculiar  pod,  called  a  legtmie. 

Leguminous  plants  capture  nitrogen  from  the  air  by  means  of  the 
bacteria  colonies  that  grow  upon  their  roots. 

We  eat  vegetables  for  their  starch  and  for  their  minerals  and  growth 
substances,  or  "  vitamines." 

Cotton  gives  us  cotton  and  cottonseed  oil ;  flax  gives  us  linen  and 
linseed  oil. 

From  the  point  of  view  of  the  plant,  a  fruit  is  the  ripened  seed  case 
with  whatever  is  attached  to  it.  From  our  point  of  view,  a  fruit  is 
usually  the  pulpy  tissue  which  surrounds,  or  is  a  part  of,  the  real  fruit, 
and  which  we  like  to  eat. 


CHAPTER  XXXIII 

OUR  PLANT  FRIENDS  AND  FOES 

324.  How  are  Trees  Our  Friends  ?  —  Have  you  ever 
been  in  a  great  forest  and  thought  of  Longfellow's  lines  ? 

This  is  the  forest  primeval.  The  murmuring  pines  and  the  hemlocks, 
Bearded  with  moss,  and  in  garments  green,  indistinct  in  the  twilight, 
Stand  like  Druids  of  eld. 

In  such  a  forest  of  pines  and  hemlocks  the  lower  parts  of 
the  trees  have  no  branches,  and  the  trunks  stand  straight 
and  tall  for  perhaps  80  or  90  feet  before  the  branches  and 
foliage  begin.  When  this  is  the  case,  it  is  not  hard  for  us 
to  imagine  ourselves  in  a  wonderful  cathedral,  with  trees 
for  its  great  columns,  and  leaves  and  branches  forming 
its  roof  and  letting  in  only  a  dim,  green  light  to  illuminate 
the  floor  below.  As  a  matter  of  fact,  the  temples  of  the 
Greeks,  the  ruins  of  which  show  us  the  glory  of  Greek 
art,  were  originally  of  wood,  and  the  columns  supporting 
the  high  roof  were  tree  trunks.  Then,  as  the  people 
learned  to  work  in  stone,  and  one  by  one  the  wooden  col- 
umns decayed,  stone  columns,  adorned  in  the  style  of 
each  succeeding  age,  took  their  place. 

Do  you  realize  how  many  years  large  trees  have  been  in  growing; 
and  that  some  of  them  are  much  older  than  any  animal  living  upon 
the  earth?    Indeed,  some  of  the  Big  Trees  of  California  are  believed 
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to  be  at  least  3000  years  old.  Some  of  them  are  35  feet  in  diameter 
and  nearly  300  feet  high  (F^.  246).  Think  of  a  tree  that  was  at 
least  250  years  old  when  Rome  was  founded.    What  is  this  date? 

But  when  you 
think  of  a  tree,  you 
may  not  have  in  mind 
a  tree  in  a  great 
forest,  nor  one  of  the 
Big  Trees  of  Cali- 
fornia, but  a  cool 
shade  tree  in  a  city 
park,  or  the  trim  rows 
of  little  trees  of  a 
peach  orchard  in 
Michigan,  or  a  cherry 
orehard  in  Wisconsin 
or  Utah,  or  an  orange 
grove  in  Florida  or 
California ;  or  you 
may  think  only  of 
a  comfortable  apple 
tree  in  your  own  yard, 
which  gives  you  both 
shade  and  refresh- 
ment on  a  hot  day  in 
summer.  The  trees 
are  indeed  our  friends, 
and  the  more  we  un- 
derstand them  the 
more  we  shall  appre- 
ciate them.  FiQ.  246.  —  A  Cnlifomia  Big  Tree. 

326.  How  Does  a  Tree  Get  Its  Shape?  —  Look  at  the 
branches  of  a  spreading  elm  or  hard  maple  or  birch  as 
they  stand  out  against  the  sunset  sky  in  winter,  and  see 
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how  graceful  and  beautiful  they  axe.  Branches  are  the 
arms  of  the  tree,  spread  open  to  receive  the  gifts  of  the 
sky. 

If  you  think  of  it,  you  will  realize  that  the  shape  of  a 
tree  is  due  to  its  branches,  and  that  trees  usually  branch 
in  one  of  two  ways.     What  is  the  shape  of  a  Christmas 


Fia.  S47.  —  An  elm  and  a  poplar,  showing  the  two  types  of  branching. 

tree?  It  is  that  of  a  cone,  is  it  not?  Why  does  it  have 
this  shape?  Is  it  not  because  its  branches  come  out  with 
regular  spaces  between  them,  and  each  set  of  branches  is  a 
little  shorter  than  the  set  just  below  it?  So  we  have 
trees  that  are  cone-shaped  and  taper  toward  the  top. 
Name  some  other  cone-shaped  trees  (Fig.  247). 

Suppose  that  the  trunk  of  the  tree,  instead  of  going 
straight  up  to  the  top,  divides  into  branches,  and  these 
divide  in  their  turn  into  smaller  branches.  What  shape 
will  the  tree  have?     It  will  be  spreading,  will  it  not,  like 
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an  elm  tree  or  a  willow  tree?  Name  some  other  trees 
that  are  spreading.  Which  class  of  trees  makes  the  better 
shade,  the  cone-shaped,  or  the  spreading  ? 

You  can  see  how  much  the  stem  has  to  do  with  the  shape  of  a  plant, 
shhib,  or  tree.  If  the  stem  is  strong  and  stiff,  it  will  be  able  to  bear  a 
great  deal  of  weight ;  if  it  is  weak,  it  will  need  a  support,  as  in  climb- 
ing vines,  such  as  the  Virginia  creeper.  Notice  the  different  kinds  of 
trees  in  a  high  wind.  Which  are  most  stiff,  and  which  yield  most  to 
the  wind? 

326.  What  is  the  Inside  of  a  Tree  Trunk  Like?  — 

Interesting  as  the  outside  of  a  tree  is,  the  inside  shows  us 
still  more  wonderful  things.  If  you  cut  across  a  young 
stem,  such  as  that  of  a  lilac,  birch,  maple,  box  elder,  or 
pine,  you  will  be  surprised  at  the  ringlike  structure, 
beginning  with  a  circular  center  and  extending  to  the 
bark  on  the  outside.  Look  at  the  cutting  across  a  large 
tree,  as  seen  in  the  end  of  a  log,  and  you  will  see  a  similar 
structure.  Perhaps  you  have  heard  people  say  that  these 
are  the  "  rings  of  growth/'  of  the  tree,  and  that  one  is 
added  every  year.  Probably  it  would  be  better  to  say 
that  one  is  added  for  every  growing  season.  What  is  the 
difference  ? 

Let  us  see  what  we  can  make  out  of  this  ringlike  struc- 
ture. The  botanist  has  shown  us  that  there  are  four 
distinct  regions  in  such  a  stem  (Fig.  248) : 

(1)  The  outer  covering,  or  skin.  In  the  leaf  (see  §  300)  we  called 
this  the  epidermis ;  it  has  the  same  name  here. 

(2)  The  next  layer  inside  the  epidermis  is  soft  tissue,  which  is 
generally  green.    It  is  called  the  cortex. 

(3)  The  third  layer  from  the  outside  is  the  layer  of  wood. 
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(4)  The  very  central  part  of  the  stem  is  the  intb.  MHien  a  tree 
decays  at  the  center,  which  of  these  layers  has  decayed  most? 

The  rays,  like  spokes  of  a  wheel,  that  pass  out  from  the 

pith  through  the  wood,  until  they  reach  the  green  cortex, 

are    called    the    pith 

rays.  Theydividethe 

wood  into  bundles. 

Do  all  plants  have 
this  arrangement  ? 
If  you  look  at  the 
stem  of  Indian  com, 
or  of  a  lily,  or  a  rfiu- 
barb,  you  will  see  that 
the  woody  bundles  in 
these  plants  are  not 
!  arranged    in    circles 

around  the  pith,  but 
are  scattered  through 

Flo.  248.  — How  a  cuttinE  acrou  a  iroody      the    pith.        Woody 

ledons  in  the  embryo, 
like  our  common  trees,  have  this  ringlike  structure,  while 
plants  with  only  one  cotyledon,  like  Indian  com  and  the 
lily,  do  not.  Is  it  not  strange  that  there  should  be  such 
a  difference  in  the  way  in  which  wood  is  arranged  in  a 
stem?     See  Fig.  249. 

What  is  the  bark  of  a  tree  7  Is  it  not  the  old  layers  of  the  epidermis, 
dead,  but  not  cast  off  from  the  tree?  Why  does  the  bark  of  a  tree 
split?  Can  you  not  see  that  since  the  bark  cannot  stretch  very  much, 
the  time  will  come  when  the  growing  tree  will  be  too  large  for  its  baric, 
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and  the  bark  will  crank?    In  which  direction  does  the  bark  crack? 
What  doeB  this  show  as  to  the  way  in  which  the  bark  is  beinn;  stretched  ? 
Usually  the  bark  adheres  to  the  tree  for  a  loi^ 
time,  and  protects  the  growing  stem.     How? 

Examine  the  bark  of  several  trees,  and  sec  how 
they  differ  from  one  another.     Describe  the  bark  | 

of  the  birch,  the  sh^bark  hickory,  the  pine,  and  i 

the  sycamore,  if  you  can  find  these  trees.  Do 
you  think  you  ought  to  strip  the  bark  from  a 
growing  birch  tree? 

327.  What  are  Sapwood  and  Heart- 
wood? —  Have  you  ever  seen  a  hollow  ^     „.„ 

,.,,.,        ,  i^iO'  24B.  ^A  cut- 
tree,  m  which  the  pith  and  a  great  deal  ting  across  the  stem 

of  wood  next  to  it  have  disappeared,  ^Jzi^JHTtt  Jat 
while  the  tree  still  has  branches  and  ">»  «de  goes  througii 
leaves  and  carries  on  its  life?  Some-  ^""^  " 
times  a  tree  trunk  is  split  into  several  strips,  and  yet 
each  one  lives.  How  can  this  be?  The  explanation  is 
that  in  a  iai^e  tree  the  really  living  part  of  a  tree  trunk 
is  near  the  outside,  and  that  in  some  diseased  trees  the 
inner  part  has  disappeared.  We  know  that  the  water 
and  dissolved  food  (the  sap)  rise  from  the  roots  to  the 
leaves,  and  so  must  pass  up  through  the  stem.  The  sap 
passes  only  through  the  woody  part  of  the  stem.  But  as 
the  tree  grows  older,  the  sap  stops  flowing  through  the 
inner  wood,  which  is  near  the  pith,  and  paases  up  only 
through  the  outer,  younger  rings  of  wood,  near  the  cortex. 
This  does  not  mean  that  the  inner  wood  necessarily  rots. 
The  inner,  older  wood  is  called  the  heartwood ;  the 
younger  wood  is  called  sapwood.  Which  do  you  think 
makes  better  wood  for  lumber?    The  heartwood  is  the 
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better  by  far,  for  it  does  not  warp  so  much  (what  is  this?) 
nor  rot  so  readily  as  the  sapwood. 

Do  you  think  it  possible  for  men  to  take  too  much  sap 
from  the  sugar  maple  in  the  making  of  maple  sirup? 
What  do  we  mean  by  saying  that  a  grapevine  ^'  bleeds  '' 
when  we  cut  it  in  early  spring? 

328.  How  Are  Trees  Cut  into  Lumber  ?  —  How  do  you 
suppose  the  pioneers  in  this  country  got  the  boards  for 
their  houses  before  the  days  of  lumber  mills  ?  They  had 
to  split  the  logs  into  rough  boards  by  the  use  of  wedge 
and  maul,  and  then  (see  Fig.  210,  §  279)  to  "  dress '' 
the  boards  by  means  of  the  ax  and  smoothing  plane. 
All  this  was  slow,  hard  work.  Then  came  the  time  when 
mills  were  set  up  on  the  banks  of  streams  having  rapidly 
falling  water;  here  saws,  turned  by  the  mill  wheel,  cut 
the  tree  trunks  into  boards.  Finally  came  the  days  of 
the  steam  sawmill,  with  its  powerful  machinery  and  its 
great  saws.  So  great  has  been  the  demand  for  lumber,  and 
so  reckless  have  men  been  in  cutting  our  trees,  that  many 
of  our  immense  forests  have  already  been  used  up,  and 
wood  is  becoming  scarce. 

Have  you  ever  read  stories  of  the  logging  camps,  in  which  large 
companies  of  men  gather  to  cut  trees?  The  logs  cut  in  greatest 
numbers  in  this  country  are  "  soft  "  woods,  such  as  pine,  spruce,  and 
hemlock.  They  are  cut  in  the  winter  and  hauled  to  the  banks  of 
streams.  Then,  in  the  spring,  when  the  snow  melts,  and  the  streams 
are  full  of  water,  great  rafts  of  the  logs  are  floated  down  the  stream  to 
the  mill. 

A  lumber  mill  (Fig.  250)  is  a  thrilling  sight.  The  log  is  pulled  out 
of  the  water  and  carried  into  the  mill  by  a  moving  "  endless  "  chain. 
Inside  the  mill  it  is  seized  by  steel  "  dogs,"  which  hold  it  firmly  as  it 
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rides  in  its  "  carriage  "  to  the  greut  saw.  A  man  rides  in  the  carriage, 
too,  and  directs  its  movements.  The  saw  cuts  off  three  of  the  rounded 
sides  of  the  1(^ ;  these  are  "  slabs."  Then  the  log  is  cut  into  boards. 
The  boards  are  piled  up  in  the  open,  or  in  sheds,  with  spaces  between 
them,  so  that  they  may  dry,  or  "  season." 


FiQ.  250.  —  What  the  inside  of  a  lumber  mill  looks  like. 

Examine  a  hemlock  or  pine  board  with  knots  in  it.  What  are  the 
knots?  They  are  the  remains  of  branches  which  grew  upon  the  tree 
when  it  was  young.  In  old  trees  the  knots  are  covered  up  by  the 
later  wood  of  the  tree. 

329.  What  are  the  Uses  of  Wood  ?  —  Why  do  we  use 
so  much  wood?  It  is  because  wood  is  split,  or  sawed, 
so  easily  into  boards,  and  because  the  boards  can  be  cut 
and   smoothed  by  simple  tools   into  objects  of  many 
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shapes.  Then,  too,  boards  can  be  fastened  together  by 
means  of  nails,  screws,  and  glue,  and  the  wooden  object 
can  be  decorated  by  carving,  staining,  and  painting  to 
make  it  attractive.  It  is  for  these  reasons  that  houses, 
fences,  furniture,  boxes,  wagons,  pencils,  and  the  like 
are  made  of  wood. 

Look  at  the  drawer  of  a  dresser  or  table,  and  see  if  its 
boards  are  fastened  together  by  means  of  a  "  dovetail '' 
joint.  Ask  a  carpenter  what  a  "  mortise  and  tenon  " 
joint  is. 

Why  does  the  wood  of  some  trees  split  so  easily  ''  with 
the  grain  "  ?  It  is  because  the  woody  bundles  of  these 
trees  (see  §  326)  are  arranged  in  long,  straight  lines  in 
each  ring  of  growth.  When  boards  are  sawed,  the  saw 
rarely  cuts  exactly  '*  with  the  grain,''  so  that  in  the  siu*- 
f ace  of  the  boards  we  see  the  rings  of  growth  partly  cut 
across.  These  give  pleasing  designs,  especially  in  such 
woods  as  oak,  maple,  birch,  and  hemlock.  '*  Quarter- 
sawed  "  oak,  which  has  an  especially  attractive,  flaky 
appearance,  is  the  result  of  sawing  the  oak  log  always 
from  the  circumference  toward  the  center.  The  "  cut " 
is  thus  made  lengthwise  through  the  pith  rays;  these 
give  the  wood  its  beautiful  markings. 

With  all  its  convenience,  the  use  of  wood  about  oiu* 
buildings  always  means  risk,  for  it  brings  the  danger  of 
fire.  What  objects  do  you  know  that  were  once  made  of 
wood,  but  are  now  made  of  some  material  which  is  fire- 
proof ? 

What  is  the  meaning  of  hardwoods  and  softwoods  ?  People  usually 
mean  that  the  trees  that  have  broad  leaves  and  lose  them  in  the  fall 
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—  dedduous  (de-sld'ti-tis)  trees  —  are  hardwoods,  while  trees  that 
have  narrow,  needle-shaped  leaves  and  have  their  seeds  in  cones  — 
our  evergreens — are  softwood  trees.  These  names  are  not  very 
accurate,  however,  for  the  poplar  and  basswood  are  broad-leaved  trees, 
yet  they  have  soft,  easily  worked  wood;  while  some  needle-leaved 
trees,  such  as  the  Savihern  pine  and  the  tamarack^  have  a  rather  hard 
wood.  White  and  Norway  pines,  hemlocks,  and  firs  give  us  our 
ordinary  softwood;  the  oak,  beech,  maple,  cherry,  walnut,  and  ma- 
hogany give  us  hardwoods.  When  men  build  a  wooden  house,  they 
usually  have  softwood  for  the  outside  and  hardwood  for  the  inside. 
Can  you  find  out  why?  The  Southern  pine  is  often  used  (as  "  hard  " 
pine)  for  inside  woodwork. 

Ask  a  carpenter  why  cedar  and  Washington  fir  are  used  for  shingles. 
What  is  meant  by  la3ring  shingles  "  four  inches  to  the  weather  "? 

Do  you  think  that  trees  have  no  other  uses  than  to 
give  us  fruit,  shade,  and  wood?  We  have  already 
learned  that  the  sap  of  the  maple  gives  us  maple  sirup 
and  maple  sugar.  Another  sap  is  very  important  in  this 
age  of  rubber  overshoes  and  rubber  tires,  and  that  is  the 
sap  of  the  rubber  trees  of  South  America  and  Africa; 
when  the  sap  is  boiled  down,  it  gives  us  rubber.  We  get 
•turpentine  from  the  resinous  Uquids  of  the  Southern  pine. 
What  is  it  used  for  (see  §  33)  ?  By  heating  the  leaves 
and  wood  of  the  camphor  tree  we  get  camphor.  From 
the  bark  of  the  cork  tree  we  get  corks,  and  from  the  bark 
of  the  oak  and  hemlock  we  obtain  the  material  for  tanning 
leather  (see  §  341). 

330.  How  Is  Papir  Made  ?  —  Why  do  we  speak  of 
paper  along  with  the  uses  of  wood?  Does  the  white 
paper  on  which  the  news  is  printed  look  at  all  like  wood  ? 
Yet  it  is  true  that  the  greater  part  of  our  paper,  such  as 
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that  used  for  our  newspapers,  magazines,  and  our  ordinary 
books,  is  made  from  wood  pulp.  How  is  wood  pulp 
obtained  ?  The  wood  used  is  one  of  the  softwoods,  such 
as  the  spruce.  It  is  cut  into  chips,  and  the  chips  are 
heated,  under  pressure,  in  great  boilers,  with  sodium 
hydroxide  (see  §  177),  or  a  substance  called  '^  bisulphite." 
In  this  way  almost  everything  in  the  wood  is  removed 
except  the  cellulose  (see  §  195). 

You  can  see  what  the  pressed  paper  pulp  looks  like  by  examining 
a  piece  of  filter  paper,  or  blotting  paper.  Men  make  newspaper  and 
wrapping  paper  from  the  pulp  by  "  filling  "  it,  in  order  that  it  may  be 
less  porous.  Clay  is  one  of  the  "  fillers  ''  used.  For  a  writing  paper, 
or  a  good  printing  paper,  on  which  ink  will  not  "  run,"  the  pulp  must 
not  only  be  "  filled,"  but  it  must  have  a  "  sizing  "  of  some  such  sub- 
stance as  gelatine,  rosin,  or  alum.  Finally  men  polish  the  paper  by 
passing  it  between  rollers.  Have  you  ever  seen  a  newspaper  or  maga- 
zine page  which  has  been  exposed  to  light  for  some  time,  and  has  gone 
back  to  the  brownish  or  pinkish  color  of  the  wood  from  which  it  was 
made?  Have  you  ever  seen  the  nest  of  the  paper  wasp?  Find  out 
how  the  wasp  makes  its  "  paper." 

331.  What  are  the  Enemies  of  Our  Trees?  —  Does  it 
seem  strange  that  trees  have  enemies^  against  which 
they  must  be  protected,  if  they  are  to  grow  properly? 
These  enemies  are  plants  or  animals,  are  they  not,  that 
feed  upon  some  part  of  the  tree,  using  it  for  their  food? 
But  man,  by  being  careless  with  a  tree,  can  also  be  its 
enemy.  Suppose  he  hitches  horses  'to  trees,  or  lays  leaky 
gas  pipes  near  their  roots,  or  cuts  off  large  masses  of  roots 
to  lay  a  sidewalk,  or  fills  up  the  low  place  in  which  a  tree 
is  growing,  and  so  prevents  its  roots  from  getting  air,  is 
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he  a  friend  of  trees?  Have  you  not  seen  trees  badly 
defaced  by  having  their  important  branches  cut  off  in 
order  to  make  way  for  telephone  or  lighting  wires,  or  to 
permit  an  old  house  to  be  moved  along  a  street?  Is 
this  really  necessary  ? 

Then  there  are  the  bacteria  of  decay,  which  get  into  a  tree  through 
a  jagged,  broken  limb,  or  one  that  is  improperly  sawed  off,  or  through 
an  injured  place  on  the  trunk,  and  so  cause  the  tree  to  rot.  Have 
you  seen  shade  trees  treated  by  "  tree  surgery  "  :  the  rotten  material 
cut  out ;  the  wound  painted  with  creosote  and  tar  to  kill  the  bacteria ; 
the  cavity  filled  with  cement?  In  this  way  the  lives  of  valuable  shade 
trees  are  lengthened  by  many  years.  How  are  large  branches  of  shade 
trees  prevented  from  breaking  off  ? 

There  are  also  insects  of  many  sorts  that  feed  upon  some  parts  of 
trees,  and  injure  them.  Think  how  attractive  the  sweet,  juicy  fruits, 
the  fresh  leaves,  the  nourishing  growing  layer  under  the  bark,  and  the 
tender  roots  must  be  to  the  insects  that  need  these  foods  for  their 
growth  and  development.  But  since  man  is  growing  trees  for  his 
own  use,  and  not  for  the  insects'  use,  he  must  destroy  the  insects. 
We  shall  learn  about  some  of  these  pests  in  §  348. 

Do  you  know  the  month  and  day  of  Arbor  Day? 
"  Arbor ''  means  tree,  so  Arbor  Day  is  really  Tree  Day. 
Since  trees  give  us  so  much  pleasure,  and  supply  us  with 
so  many  useful  things,  and  have  to  contend  with  so  many 
enemies,  do  you  not  think  we  ought  to  plant  trees  to 
take  the  place  of  those  that  must  soon  die  or  be  used  up  ? 
Arbor  Day  should  be  a  day  not  merely  for  planting  trees, 
but  for  helping  those  we  already  have,  so  that  they  may 
live  longer  lives  and  be  free  from  pests  and  disease. 

Make  a  tree  census  of  your  block,  and  tell  how  many 
trees  need  care  and  help.    How  many  more  trees  could 
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be  planted,  without  crowding,  in  the  parking  of  your 
block? 

332.  What  is  a  Weed?  —  Do  you  know  what  "  dirt '' 
is  ?  Some  one  has  said  it  is  ^^  matter  out  of  place.''  So  we 
may  say  that  a  weed  is  a  plant  out  of  place,  or  where  we  do 
not  want  it  to  grow.  Thus,  grass  is  not  a  weed  on  a 
lawn,  but  it  is  a  weed  in  a  strawberry  patch.  The  oxeye 
daisy  has  beautiful  flowers,  but  it  is  a  pest  in  a  ha3rfield. 

What  weeds  do  you  know  when  you  see  them?  Do 
you  know  the  shepherd's-purse,  lamb's-quarters,  pig- 
weed, wild  mustard,  mullein,  milkweed,  smartweed, 
cinquefoil  (meaning  "  five  leaves  ")>  quack  grass,  fire- 
weed,  and  Canada  thistle  ?  How  about  the  sorrel,  dande- 
lion, plantain,  and  dock?  What  a  multitude  of  weeds ^ 
there  are,  and  how  hard  they  are  to  get  rid  of !  Do  you 
realize  that  men  have  been  trying  to  destroy  weeds  for 
thousands  of  years,  and  that  many  of  our  weeds  have 
been  successfully  fighting  for  their  lives  against  all  man's 
efforts?  Only  those  that  were  especially  hardy  and 
could  take  advantage  of  every  opportunity  have  lived  on. 
No  wonder  it  is  hard  for  us  to  get  rid  of  them  I  Weeds 
choke  up  canals  and  irrigation  ditches,  cover  railroad 
tracks,  take  moisture  and  plant  foods  from  oiu*  gardens, 
shade  growing  garden  plants  and  cut  off  their  sunlight, 
fasten  themselves  to  other  plants,  as  parasites  (see 
§  195),  and  rob  plants  of  their  sap.  Besides  doing  these 
things  some  weeds  produce  substances  that  injure  our 
cattle,  or  give  milk  or  meat  a  disagreeable  taste. 

If  the  seeds  of  weeds  become  mixed  with  the  seeds  of  the  grass  and 
clover  which  the  farmer  sows  for  his  hay,  they  are  very  hard  to  get 
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rid  of ;  but  in  the  garden  we  can  usually  pull  them  up  or  destroy  them 
by  hoeing.  How  can  we  get  rid  of  dandelions  on  a  lawn?  Is  it  of 
much  use  for  your  neighbor  to  dig  the  dandelions  out  of  his  lawn,  if 
you  let  them  go  to  seed  in  yours?  How  long  a  dandelion  root  have 
you  seen?  Does  it  do  much  good  to  break  off  the  top  of  a  dandelion 
plant?  Have  you  ever  tried  to  pull  up  the  conunon  sorrel?  What 
are  its  roots  like?  Cultivating  between  the  rows  of  plant  crops  and 
trees  (see  §  155)  is  not  only  for  the  purpose  of  making  the  top  layer 
of  ground  powdery,  but  to  destroy  weeds.  May  the  cut  weeds  some- 
times be  useful  as  fertilizers  of  the  soil? 

333.  How  Can  We  Plant  for  Beauty  ?  —  Are  plants  of 
value  to  us  only  because  they  are  useful,  or  because  they 
also  please  our  sense  of  the  beautiful  ?  Is  it  not  true  that 
we  cannot  help  having  a  feeling  of  appreciation  and  de- 
light when  we  enter  a  well-arranged  flower  garden  ?  We 
need  to  learn  that  a  flower  garden  is  not  simply  a  place 
where  flowering  plants  grow,  but  that  there  are  ways  for 
arranging  the  plants  to  make  them  appear  to  the  best 
advantage.    A  few  simple  rules  will  help  us  (see  Fig.  251) : 

(1)  A  .large  variety  of  flowers  in  a  garden  is  often  not  nearly  so 
pleasing  as  a  mass  of  the  same  flowers,  or  masses  of  a  very  few  varieties. 

(2)  When  we  are  putting  flowering  plants  near  one  another,  we 
should  take  care  to  get  flowers  of  colors  which  harmonize,  or  look  well 
together.  This  is  especially  true  of  different  kinds  of  flowers  in  the 
same  bed.  Of  course,  if  the  flowers  bloom  at  different  seasons,  as 
tuUps  in  the  spring,  asters  in  the  summer,  and  ehrysanthemums  in 
the  fall,  many  combinations  can  be  made.  This  is  often  done,  and 
makes  an  attractive  bed  all  the  time. 

(3)  Small  plants  should  be  placed  outside,  or  in  front  of,  tall  plants 
or  shrubs.  Shrubs  around  foundations  of  a  house  hide  unsightly  bricks 
or  stones,  and  make  the  house  look  as  though  it  belonged  where  we 
find  it. 


418  JUNIOR   SCIENCE 

(4)  The  lawn  should  never  appear  to  be  dotted  with  shruba  and 
flower  beds,  but  a  soft  expanse  of  greeu  sod  should  be  left  by  itself, 
as  it  is  very  pretty. 

(5)  Flower  beds  around  the  roots  of  trees  are  not  artiBtie. 

(6)  Trees  and  shrubbery  should  not  be  so  dense  that  the  view  from 
or  to  the  house  is  completely  shut  off. 


(7)  Shrubs  should  be  trimmed  up,  so  that  grass  will  grow  near  them, 
and  so  that  the  ground  under  the  shrubs  can  be  cultivated.  Shrubbery 
following  a  path  is  very  pretty.  Terracing,  or  making  the  lawn  or 
garden  on  different  levels,  whenever  it  is  possible,  adds  a  great  deal  of 
beauty  to  a  lawn  or  garden.-  Make  a  map  of  some  lawn  in  your  neigh- 
borhood,  marking  the  position  of  trees  and  shrubs.  How  can  it  be 
improved?  Suggest  how  you  could  get  both  use  and  beauty  out  of 
a  back-yard  city  ganlen. 
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334.  Can  Man  Improve  upon  Nature  ?  —  Do  we  want 
to  get  "  back  to  nature  "  in  the  growing  of  our  food 
plants  ?  The  farmer  looks  over  the  ears  of  corn  from  his 
best  field,  and  picks  out  the  most  perfect  ear  to  save  for 
his  seed  com.  He  knows  from  experience  that  one  ear 
is  not  so  good  as  another  for  planting.  Luther  Burbank 
and  other  scientists  have  realized  this  also,  and  have 
done  wonderful  thmgs  to  improve  the  plants  which  na- 
ture has  provided. 

Men  have  developed  many  varieties  of  plants  simply 
by  choosing  an  individual  plant  which  has  the  qualities 
that  they  desire.  Perhaps  it  is  height,  or  shape,  or  time 
of  blossoming.  For  one  thing,  they  take  care  to  see  that 
the  plant  is  self-pollinated,  that  is,  that  its  pollen  comes 
only  from  the  plant  that  produces  the  seed.  Then  these 
seeds  are  planted.  Some  of  the  young  plants  will  be 
like  the  parent,  others  will  be  different.  Only  those 
young  plants  are  saved  which  are  like  the  parent  plant. 
This  careful  selection  is  carried  on  through  many  gen- 
erations. Each  time  only  the  right  plants  are  saved  and 
used,  until  finally  the  variety  is  developed  as  we  desired 
it  to  be. 

This  improving  of  plants  is  also  carried  out  by  crossbreeding. 
For  instance,  wheat  that  is  tall  and  easily  attacked  by  rusts  is 
"  crossed  "  with  wheat  which  is  short  and  able  to  resist  rusts.  This 
means  that  the  pollen  of  one  variety  is  used  to  fertilize  the  "  egg  " 
of  the  other  variety.  Then  only  that  wheat  is  saved  which  is  tall 
and  resists  rusts.  If  we  select  such  wheat  for  many  generations,  we 
may  develop  a  variety  that  rusts  cannot  injure. 

By  crossbreeding  and  careful  selection,  our  fleshy  fruits  (what 
are  they?)  have  been  improved  in  flavor,  size,  and  other  qualities; 
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flowers  have  been  made  larger,  and  more  beautiful,  and  of  unusual 
colors;  cereals  and  other  grasses  have  been  made  more  useful  and 
hardy;  new  foods  have  been  produced  for  our  use.  This  work  of 
improving  our  plants  is  very  interesting,  and  is  a  field  which  can  never 
be  exhausted.    Read  something  of  what  Burbank  has  done. 

335.  Exercises.  —  1.  Why  do  lumbermen  prefer  to  get  logs  out 
of  a  northern  swamp  in  winter  rather  than  in  summer?  When  would 
the  wood  be  more  dry? 

2.  What  must  be  true  of  the  pores  of  wood,  if  the  wood  takes  up 
stains  readily? 

3.  Why  should  we  leave  as  much  soil  as  possible  upon  the  roots 
of  a  tree  when  transplanting  it? 

4.  What  is  soap  bark?  Peruvian  bark?  For  what  is  each  used? 
For  what  did  the  American  Indian  use  birch  bark? 

5.  Put  a  piece  of  knotty  yellow  pine  or  hemlock  in  the  hot  rays 
of  the  sun,  or  near  a  hot  radiator  or  stove.  What  happens  to  the 
knots?    What  causes  the  odor?    What  material  is  in  the  knots? 

6.  What  are  the  advantages  of  a  wooden  house  over  a  brick  house? 
What  are  the  disadvantages? 

7.  Why  does  the  ink  "  run  '*  when  we  try  to  write  upon  blotting 
paper?    What  phenomenon  is  this?    See  §  125. 

8.  Name  some  plants  that  scratch  you  when  you  touch  them. 
Some  that  poison  you.    Some  that  have  a  disagreeable  odor. 

9.  How  can  a  tree  be  protected  from  caterpillars  that  crawl  up 
its  trunk? 

10.  Find  out  the  meaning  of  chrysanthemum.  How  has  the  flower 
been  developed  to  so  great  a  size? 

Summary.  —  Trees  are  our  friends  because  of  their  beauty,  their 
shade,  and  the  fruit,  nuts,  wood,  and  other  material  they  give  us. 

•  The  shape  of  each  kind  of  tree  depends  on  the  way  in  which  its 
branches  are  arranged. 

The  trunks  of  our  common  trees  have  pith  at  the  center,  then 
heartwood,  sapwood,  the  green  layer,  or  cortex,  and  the  epidermis. 
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Trees  with  only  one  cotyledon  in  the  seed  have  the  wood  bundles 
scattered  through  the  pith. 

The  bark  is  the  old  epidermis  still  adhering  to  the  tree. 

Knots  are  the  remains  of  old  branches. 

Wood  is  so  useful  because  it  can  be  fitted  together,  is  light,  and 
can  easily  be  decorated. 

Most  of  our  hardwood  comes  from  decidtwus  trees,  and  most  soft- 
wood from  evergreens. 

Most  of  our  paper  is  made  from  wood  pulp. 

Arbor  Day  is  set  apart  for  the  planting  and  preserving  of  trees. 

A  weed  is  a  plant  out  of  place. 

Beauty  in  a  lawn  or  garden  depends  upon  the  choice  and  arrange- 
ment of  plants. 

Man  has  developed  plants  by  "  selection  *'  and  by  "  crossbreed- 
ing." 


CHAPTER  XXXIV 

ANIMALS   OF  IMPORTANCE  TO   MAN 

336.  How  Many  Animals  are  There?  —  We  have 
learned  something  of  the  wonderful  world  of  plants  and 
how  they  grow,  also  how  man  makes  use  of  such  as  he 
wishes,  and  seeks  to  destroy  those  that  injure  him  or  his 
cattle  or  his  cultivated  plants.  The  world  of  animals 
is  just  as  wonderful  as  that  of  plants ;  perhaps  even  more 
so.  Think  of  the  number  of  forms  nature  has  produced, 
from  the  tiniest  insects  to  great  animals  like  the  whale 
and  the  elephant.  The  microscope  shows  us  forms  much 
smaller  than  the  smallest  insects,  until,  as  in  the  case  of 
plants,  we  get  down  to  animals  having  only  a  single  cell. 
Yet  even  these  tiniest  creatures  are  able  to  do  the  things 
needed  to  support  their  life  and  to  produce  new  beings 
like  themselves  (see  §  297).  Of  insects  alone  men  know 
perhaps  more  than  200,000  different  kinds,  or  species 
(spe'shez) ;  of  birds  perhaps  10,000 ;  of  fishes  about 
12,000.  You  will  see  from  these  figures  that  it  is  hardly 
possible  for  one  person  to  know  all  the  animals  there  are. 
Besides  the  animals  now  living,  there  are  thousands  of 
forms  which  lived  in  the  past,  and  which  we  can  know 
only  through  their  fossils  (see  §  147).  Have  you  seen 
some  of  these  animal  fossils  in  museums? 
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Zoology  (zo-6l'6-j!)  is  the  science  of  animals ;  the  name  comes  from 
the  word  "  z6'5n,"  meaning  an  animal.  What  is  a  "  Zoo  "?  What 
is  its  full  name? 

337.  Have  Animals  Helped,  or  Hindered,  Man's 
Progress  ?  —  When  we  think  of  the  number  of  people 
killed  by  wild  animals,  such  as  tigers,  lions,  wolves,  and 
snakes,  even  in  recent  years,  after  men  had  invented 
powerful  weapons 
of  protection,  we 
may  imagine  that 
early  man,  with  his 
poor  weapons,  or 
none  at  all,  had  a 
hard  time  of  it.  See 
Fig.  252.  Some 
animals  he  killed 
for  food ;  many 
others  were  his 
enemies,  and 
hunted  him.  But 
the  story  is  differ- 
ent when  man  had  learned  to  tame  animals,  and  to  use 
them  in  his  work.  These  animals  then  became  his  helpers 
in  his  march  to  civilization.  Would  it  not  be  interesting 
if  we  could  have  the  true  story  of  the  way  in  which  man 
first  caught  dogs,  horses,  cows,  sheep,  goats,  and  chickens, 
and  made  them  feel  at  home  with  him  ?  To  understand 
man's  early  history  correctly,  we  must  know  something 
of  these  first  pets  of  his,  and  how  he  made  them  his  com- 
panions and  helpers  by  domesticating  them.    What  does 


Fio.  252.  —  A  drawing  of  a  mammoth,  made  by 
early  man  upon  an  ivory  tusk.  After  Lartet,  but 
greatly  simplified. 
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domesticate  mean?  It  comes  from  the  Latin  word 
domus,  a  house,  and  means  that  man  made  these  animals 
a  part  of  his  household. 

Have  you  ever  thought  that  while  man  domesticated  certain  wild 
animals,  and  made  a  home  for  them,  they,  in  their  turn,  helped  to 
keep  him  at  home  and  to  make  that  home  io  some  one  pUce?    For 


Fia.  253.  —  Buffaloes. 

a  long  whUe  after  man  had  domesticated  animals,  he  wandered  about 
with  his  flocks  and  herds,  in  search  of  food  and  pasture,  just  as  certain 
nomadic  (n5-m&d'Ik)  tribes  of  Asia  and  northern  Africa  do  today. 
Gradually,  however,  man  learned  to  domesticate,  not  only  animals, 
but  plants  also,  and  to  feed  the  plants,  or  their  seed  or  fruit,  to  his 
animals,  and  to  eat  the  food  himself.  Instead  of  remaining  a  nomad, 
he  became  a  fanner,  and  began  to  build  up  colnmunities  and  nations. 
Has  man  altogether  lost  his  love  of  hunting  wild  animals?  Think 
how  we  still  love  to  hunt  and  to  fish,  partly,  of  course,  because  of  the 
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food  we  catch,  but  largely  for  the  "  joy  of  the  chase."  Reckless 
hunters,  if  not  controlled  by  law,  would  soon  exterminate  many  of 
our  native  wild  animals  (see  §  310  and  Fig.  253). 

338.  What  are  Man's  Beasts  of  Burden?  —  What 
would  you  think  if  you  should  see  a  dog  harnessed  to  a 
large  cart,  bringing  a  milk  can  or  other  heavy  burden  to 
your  door?  The  sight  is  not  common  in  America,  but 
very  common  in  western  Europe.  Is  the  dog  a  beast 
of  burden  anywhere  else?  Of  course  you  remember  that 
the  Eskimos  and  Polar  explorers  use  dogs  to  pull  their 
sleds.  In  northern  Europe  and  Asia  the  reindeer  is  the 
beast  of  burden,  and  it  has  been  introduced  into  our  own 
Alaska.  It  can  get  its  own  food,  even  in  the  winter,  by 
nosing  away  the  snow,  and  finding  the  green  moss  under- 
neath. 

When  we  think  of  man's  beasts  of  burden,  we  think, 
of  course,  of  the  horse;  but  we  must  not  forget  the 
patient  ox,  whicji  probably  pulled  man's  carts  and  did 
his  plowing  long  before  the  horse.  Even  in  parts  of 
America  today,  farmers  sometimes  come  to  town  in  ox- 
carts. The  mule  is  also  an  important  beast  of  burden. 
What  animal  is  called  the  "  Ship  of  the  Desert ''?  In 
wKat  countries  is  the  water  buffalo  used  ? 

The  horse  is  man's  favorite  animal  for  his  own  riding, 
and  was  probably  developed  first  for  its  swiftness  and 
as  an  aid  in  war.  The  Arabian  horse  has  been  looked 
upon  as  the  most  spirited  and  beautiful  type  of  the 
animal.  For  thousands  of  years  the  Arab  has  brought  up 
the  horse  with  tender  care,  and  made  it  his  constant 
companion. 
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For  fann  work,  with  its  hauling  and  plowing,  quite  &  diSerent  type 
of  horse  is  needed.  Did  you  know  that  one  of  the  probable  reasons 
why  man  did  not  reach  the  same  stage  of  development  in  America  as 
in  Europe,  was  that  in  America  he  had  no  beasts  of  burden,  Uke  the 
horse  and  ox,  to  help  him  in  his  work?  But  why  did  not  the  Indians 
use  their  ponies  for  such  work,  you  ask.    The  answer  is  that  before 


iRtproduad  bv  permttsion  of  the  PltUodeivfiia  CommerctaJ  tf  Wddv-l 
Fia.  254.  —  A  pack  train  of  llamas,  Saa  Mateo.  Peru. 

the  coming  of  the  white  man  the  Indian  had  no  ponies ;  all  the  Indian 
ponies  are  the  descendants  of  horses  which  were  broi^ht  over  by  the 
early  explorers  and  settlers,  and  which  ran  wild.  Yet  the  horse  prob- 
ably developed  first  in  America.  The  fossils  of  the  earliest  horse  show 
an  animal  of  about  the  size  of  a  fox ;  later  fossils  show  it  in  constantly 
increasing  size.  But  for  some  reason  the  race  of  horses  died  out  in 
America,  and  developed  to  its  fullness  only  in  the  Eastern  Hemisphere. 
The  beast  of  burden  of  the  ancient  Incas,  or  inhabitants  of  Peru, 
was  the  Uama,  sometimes  called  the  South  American  camel  (Fig.  254); 


ANIMALS  OF  IMPORTANCE   TO   MAN  427 

but  its  use  never  spread  to  much  of  our  continent.  Were  the  Incas 
among  the  most  advanced,  or  the  most  backward,  races  found  on  the 
American  continent?  Have  you  read  "  The  Conquest  of  Peru,"  by 
Prescott? 

339.  What  Four-footed  Animals  Give  Us  Meat?  — 

When  we  speak  of  our  meat  supply,  we  thmk  first  of  what 
animals?  Of  our  common  cattle,  of  course.  Yet  there 
are  many  other  four-footed  beasts,  the  flesh  of  which 
serves  for  our  food.  We  think  of  sheep,  which  yield 
mutton,  and  of  swine,  which  yield  pork.  In  the  early 
days  of  the  Colonies,  the  flesh  of  the  buffalo,  deer,  and 
bear  were  used  as  food.  The  meat  of  the  deer  is  still 
used  in  the  winter  in  our  Northern  States  and  in  Canada. 
What  is  deer  meat  called? 

Among  the  smaller  game  used  as  food  we  think  of 
rabbits  and  squirrels.  In  Australia  and  some  of  our 
Western  States  rabbits  have  become  a  pest,  because  of 
the  damage  they  do  to  crops;  hence  large  numbers  of 
them  are  killed  every  year,  and  eaten  or  shipped  else- 
where for  food.  The  Australian  soldiers  in  France  during 
the  Great  War  had  frozen  rabbit  meat  shipped  to  them 
from  their  far-away  home. 

The  kind  of  meat  eaten  by  a  community  used  to  depend  upon  what 
the  community  raised.  In  the  "  cattle  country  *'  of  the  West  the 
chief  meat  is  beef.  If  you  remained  overnight  in  the  hut  of  a  sheep- 
herder  in  Utah,  you  would  be  served  mutton  or  lamb.  If  you  dined 
with  a  herdsman  in  the  Alps,  very  likely  your  meat  would  be  goat's 
meat,  and  the  milk  served  would  be  goat's  milk.  In  some  countries 
horse's  meat  is  used  as  food,  and  the  Polar  explorer  is  glad  to  save  his 
life  by  feeding  upon  the  meat  of  the  walrus. 
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With  the  coming  of  ''  cold  storage  ''  the  meat  problem  of  the  world 
has  changed.  We  have  already  learned  of  the  large  refrigerators, 
cooled  by  cold  brine  (see  §  126,  Fig.  82),  in  which  meat  can  be  kept 
from  spoiling.  Refrigerator  cars  can  be  used  to  carry  meat  to  a  sea- 
port, and  cold  storage  rooms  on  shipboard  keep  the  meat  frozen  on 
its  trip  overseas.  You  can  understand  that  with  such  modem  methods 
of  transportation,  men  are  not  compelled  to  eat  the  meat  raised  in 
their  own  neighborhood,  but  can  draw  upon  other  parts  of  the  world 
for  it.  The  same  is  true  of  fruits  and  other  "  perishable  "  food  (see 
§312). 

340.  Why  is  Milk  So  Valuable  ?  —  Review  §  191  for 
some  of  the  reasons  why  milk  is  so  valuable  a  food  for 
growing  boys  and  girls.  To  millions  of  babies  it  is  the 
only  food.  Is  it  not  important,  then,  that  milk  shall  be 
rich  in  nutritive  materials,  free  from  dirt,  perfectly  fresh, 
and  without  harmful  bacteria?  For  the  grown  person 
milk  is  only  a  part  of  the  diet;  for  the  baby  it  is  the 
whole  diet. 

Because  milk  is  so  good  a  food,  it  is  a  wonderful  breed- 
ing place  for  bacteria.  But  in  cold  milk  the  bacteria 
cannot  grow  neariy  so  rapidly  as  in  warm  milk.  This 
is  the  reason  why  there  should  be  a  refrigerator  of  some 
sort  in  every  family  in  which  there  are  children.  Do  you 
see  the  value  of  the  campaign  that  takes  place  every 
sunamer  in  the  cities,  for  money  to  get  "free  ice"  for 
the  poor,  in  order  to  "  save  the  babies  "  ? 

Special  care  is  necessary  in  milking  cows,  so  that  no 
dirt  shall  get  into  the  milk  (see  §  289) .  The  milk  should 
be  cooled  as  quickly  as  possible,  and  should  be  put  at 
once  into  clean  glass  bottles,  with  secure,  new  covers, 
for  delivery  to  customers.     What  would  you  think  of  a 
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dealer  who  would  pour  milk  from  cans  into  bottles  rinsed 
merely  in  hydrant  water,  and  then  use  pasteboard  covers 
which  had  been  used  before?  Do  you  think  milk  will  be 
clean  and  fresh,  if  it  is  allowed  to  remain  on  the  dusty 
fioor  of  a  grocery  until  customers  come  in  and  take  it 


Fio,  255.  —  A  good  cow  for  producing  milk  —  a  Holatein. 

away?  The  producer  and  dealer  in  milk  should  do  his 
part ;  but  we  should  do  ours,  too.  Does  your  family 
cleanse  the  cover  and  neck  of  a  milk  bottle  in  any  way 
before  pouring  the  milk  out  for  use? 

How  did  men  ever  develop  cattle  that  give  such  large  yields  of 
milk  (Fig.  255)  and  auch  delicious  cuts  of  meat  as  we  obtain  today? 
These  animals  certainly  cannot  do  so  well  in  a  "  state  of  nature." 
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The  answer  is  the  same  as  m  the  case  of  the  different  breeds  of  chickens, 
dogs,  cats,  pigeons,  and  horses.  Man  has  developed  these,  as  he  .has 
developed  his  cultivated  plants.  He  has  picked  out  the  ones  that  had 
the  qualities  he  desired,  and  then  he  has  bred  these  individuals,  genera- 
tion after  generation,  picking  out  the  best  ones  each  time.  In  this 
way  he  has  obtained  thoroughbreds.  Man  has  bred  some  kinds  of 
horses  to  be  racers,  others  as  carriage  horses,  others  still  for  hauling 
loads  and  for  work  on  the  farm.  The  kind  of  cow  that  will  yield  ex- 
cellent meat  is  different  from  one  that  will  give  a  large  amount  of 
high-grade  milk.  Hogs  have  been  developed  from  small  animab,  or 
"  razor-back  "  creatures  with  long  legs  and  lean  bodies,  until  we  have 
the  fat,  short-legged  porker  raised  by  farmers  today. 

341.  What  is  Leather?  —  Do  you  think  that  the  parts 
of  cows  that  cannot  be  used  as  meat  are  thrown  away? 
By  no  means.  The  hide  is  made  into  leather ;  the  hoofs 
and  horns  and  part  of  the  hides  are  changed  into  glue ; 
the  fat  is  used  for  soap  (see  §  185) ;  brushes  are  made 
from  the  hair;  while  the  scraps  which  cannot  be  used 
for  other  things  may  be  heated  with  lime  to  produce 
ammonia,  or  turned  into  fertilizer  for  soil  (see  §  159). 
The  ammonia  is  used  as  household  ammonia  (see  §  142), 
or  to  cool  the  brine  of  ice  plants  and  cold-storage  ware- 
houses (see  §  126).  Buttons  and  combs  may  be  made 
out  of  the  bones  of  animals. 

Leather  is  made  out  of  an  animal  skin,  by  changes 
which  keep  the  skin  pliable,  prevent  it  from  "  spoiling," 
or  decaying,  and  prevent  it  from  being  acted  upon  by 
water.  Fresh  skins  soon  spoil  if  kept  moist,  because 
of  the  action  of  bacteria  (see  §  205) ;  if,  on  the  other 
hand,  they  are  allowed  to  dry,  they  become  hard  and 
horny.     If  fresh  skins  are  boiled  with  water,  they  become 
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glue.  Would  glue  do  for  leather?  So  you  see  the  need 
of  changing  skin  into  leather,  if  we  wish  to  keep  it  for 
our  use. 

The  animal  skin  consists  of  an  outer  skin,  or  epidermis 
(see  §§  300  and  326),  an  innermost  layer  of  fatty  tissue, 
and  between  them  the  true  skin,  or  dermis.  It  is  the 
dermis,  consisting  of  densely  matted  fibers  of  comiec- 
tive  tissue,  that  is  made  into  leather  (see  §  195). 

First  the  hide  is  so  treated  that  the  outer  skin,  including  the  hair, 
is  removed,  and  so  that  the  fatty  tissue  is  destroyed.  Then  the  true 
skin  is  tanned  by  being  covered  with  oak  or  hemlock  bark  (see  §  329) 
or  by  certain  chemicals.  Tanning  changes  the  connective  tissue  of 
the  skin  into  leather. 

The  skin  of  large  animals,  such  as  the  cow,  horse,  and  walrus,  is 
used  to  make  heavy,  strong  leather  for  shoe  soles,  leather  trunks,  and 
the  leather  belting  of  machinery.  The  skin  of  goats,  calves,  sheep, 
and  dogs  is  used  for  the  "  uppers  "  of  shoes,  and  for  gloves,  belts,  book 
covers,  leather  purses,  and  the  like.  What  kind  of  ball  is  called  a 
"pigskin"?    Why? 

342..  What  Birds  Give  Us  Food?  — What  bh*ds  has 
man  domesticated?  Chickens  are  the  most  important,  of 
course,  and  then  ducks,  geese,  turkeys,  and  pigeons. 
Chickens  are  valuable  for  their  meat  and  eggs,  turkeys 
and  pigeons  for  their  meat,  and  geese  for  both  meat  and 
feathers.  What  do  we  use  goose  feathers  for?  The 
word  "  pen  ''  (used  for  writing)  comes  from  the  word  for 
feather;  can  you  tell  why?  Feathers  are  really  a  form 
of  the  epidermis,  or  outer  skin,  and  correspond  to  the  hair 
of  animals.  They  form  an  almost  perfect  covering  to 
keep  the  heat  of  the  body  from  being  radiated  (see  §  70). 
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Examine  the  feathery  covering  of  a  chicken,  and  see 
what  a  wonderful  structure  it  is. 

Turkeys  are  natives  of  America,  and  have  been  domes- 
ticated only  since  its  discovery.  In  some  parts  of  the 
country  the  wild  bird  still  exists.  The  domestic  turkeys 
are  still  far  from  beiag  tamed,  for  they  do  not  thrive 
when  kept  closely  in  the  barnyard  ;    they  wander  away  to 


Fia.  256.  —  Barred  Rock  rooater  and  hen. 

lay  their  eggs  and  to  bring  up  their  young,  like  their  wild 
ancestors.  Have  you  ever  seen  a  hen  with  a  flock  of 
turkeys  she  has  hatched,  all  of  them  much  larger  than 
herself? 

The  raising  of  ducks  has  become  a  quite  important 
industry,  especially  of  those  kinds,  such  as  Indian  Run- 
ners, that  can  get  along  without  much  water  for  swimming. 
They  lay  large  eggs,  and  lay  them  frequently,  and  their 
meat  is  excellent  eating. 

How  many  eggs  do  you  suppose  the  hens  of  America 
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produce  in  a  year  ?  About  twelve  billion  (12,000,000,000), 
we  are  told.  How  many  eggs  are  there  for  each  person 
in  the  country? 

Why  are  eggs  used  to  such  an  extent?  They  are  very  nutritious 
food,  and  easily  digested,^ and  they  can  be  kept  a  long  tune,  especially 
if  cold  (see  §  126).  In  baking  they  are  used  so  largely  because  they 
can  be  beaten  into  a  foam  which  "  sets  "  when  heated,  and  which 
makes  the  dough  with  which  it  is  mixed  light  and  easily  digested. 
What  does  the  egg-beater  beat  into  the  egg? 

There  is  a  great  deal  of  pleasure,  as  well  as  profit,  derived  from  the 
raising  of  chickens  (Fig.  256).  As  you  know,  the  eggs  contain  the 
embryos  of  the  chicks  (see  §  298),  and  if  kept  warm  for  about  21  days 
will  develop  chicks.  Instead  of  a  mother  hen,  chicken-raisers  often 
use  a  heated  box,  or  incu- 
bator. But  eggs  will  not 
"hatch"  unless  they  are 
fertilized  eggs.  A  good 
chicken-raiser  "candles" 
his  eggs  after  they  have 

lain  under  the  setting  hen,       yiq.  257.  —  A  candling  box  for  testing  eggs, 
or  in  the  incubator,  for 

7  or  8  days ;  that  is,  he  puts  the  eggs  between  himself  and  a  strong 
light,  and  finds  out  what  is  happening  inside.  If  the  interior  of  the 
egg  is  clear,  he  knows  there  is  no  chick  inside;  but  if  a  dark  mass 
appears,  he  knows  that  the  chick  is  developing.  You  can  make  a 
simple  "  candling  "  box  (Fig.  257)  by  putting  an  electric  bulb  inside 
a  pasteboard  box,  such  as  is  used  for  breakfast  cereals.  Cut  a  smooth, 
round  hole,  not  quite  large  enough  for  an  egg  to  pass  through,  into 
one  end  of  the  box,  hold  the  egg  in  front  of  the  hole,  and  look  through 
it  toward  the  light.  The  infertile  eggs  can  be  removed  from  those 
that  are  developing,  boiled  hard,  and  fed  to  the  chicks  which  hatch. 

Some  kinds  of  chickens  are  especially  valuable  because  they  grow 
rapidly,  and  have  fine  meat ;  others  because  they  lay  many  eggs.  "  Gen- 
eral purpose  "  chickens  are  such  as  are  useful  from  both  points  of  view. 
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343.  Why  Should  We  Protect  Birds?  — How  many 
kinds  of  wild  birds  do  you  know  by  sight?  By  their 
songs  or  calls?  There  are  English  sparrows  and  song 
sparrows,  eagles,  owls,  hawks,  crows,  kingbh-ds  and  king- 
fishers, woodpeckers,  jays,  ravens,  cowbirds  and  cat- 
birds, robins,  thrushes,  wrens,  vireos,  herons,  orioles, 
bobolinks,  meadow  larks,  humming  birds,  and  thou- 
sands more  (see  §  336) . 

We  should  protect  birds  because  of  the  beauty  they  give 
to  our  surroundings,  both  by  their  graceful,  often  bril- 
liantly colored  bodies  and  by  their  sweet  songs.  What 
can  take  the  place,  to  one  who  loves  this  world  in  which 
he  lives,  of  the  flash  of  the  scarlet  tanager's  wing,  or  the 
sight  of  a  humming  bird  at  a  flower,  of  the  lark's  song  in 
the  morning,  the  meadow  lark  or  bobolink  rising  from  the 
field  during  the  day,  or  the  song  sparrow  singing  his  good- 
night song  long  after  sunset,  as  the  dark  settles  down? 

Then  we  should  make  life  as  safe  as  possible  for  birds 
for  the  wonderful  nests  that  they  build  and  for  the  tender 
care  they  give  their  young.  Have  you  ever  thought  of 
the  parent  birds  during  the  spring  storms,  covering  their 
eggs  or  their  young,  facing  pelting  rain  and  hail,  and 
swaying  boughs  and  lightning  flashes,  while  we  are  warm 
and  dry  in  the  house  ?  Have  you  watched  parent  birds 
teaching  their  young  to  fly,  encouraging  them  and  pro- 
tecting them  from  cats  and  snakes  and  other  enemies, 
until  they  could  "feel  the  air  "  and  fly  alone?  Think 
how  many  of  our  ideas  of  the  faithfulness  of  parents  to 
their  offspring  come  from  what  we  see  each  spring  and 
summer  in  the  devotion  of  birds. 
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The  last,  but  not  the  least,  reason  why  we  should  protect  birds  is 
that  they  are  so  very  useful  to  us.  But  someone  will  say  that  certain 
birds  eat  some  of  our  grains,  or  some  of  our  fruit,  or  some  useful  in- 
sects. Even  if  we  admit  that  this  is  true,  we  must  remember  that  the 
benefit  wh^ch  birds  do  to  us  is  so  much  greater  than  the  injury,  that 
we  would  lose  dreadfully  if  birds  were  taken  away  from  us.  We 
have  studied  about  weeds  (see  §  332) ;  birds  eat  enormous  quantities 
of  weed  seeds,  and  so  prevent  them  from  sprouting.  Did  you  note, 
in  §336,  how  many  species  of  insects  there  are?  It  is  with  insects 
that  man  must  struggle  in  raising  crops  for  himself  and  his  domestic 
animals.  The  cultivated  crop  is  far  more  attractive  to  the  insect, 
in  too  many  cases,  than  the  weeds  upon  which  the  insect  used  to 
live;  so  it  proceeds  to  devour  the  crop.  The  greatest  agents  in  the 
temperate  zones  —  far  more  important  even  than  poisons  and  sprays 
—  for  the  destruction  of  insects  are  the  birds,  and  these  are  largely 
our  song  birds.  Only  a  few  birds  are  really  harmful;  with  the  ex- 
ception of  the  English  sparrow,  the  cowbird,  two  species  of  hawk,- 
and  the  great  homed  owl  —  but  not  the  other  owls  —  and  a  very 
few  others,  perhaps,  all  the  birds  are  doing  man  a  great  service.  The 
robin  pays  abundantly  for  the  cherries  it  eats.  Even  the  crows,  which 
eat  our  corn  and  the  eggs  of  song  birds,  also  eat  many  destructive 
field  mice  and  cutworms.  Men  used  to  suppose  that  the  kingbird, 
or  "  bee  martin,"  ate  bees ;  but  it  has  been  found  to  kill  very  few 
bees  —  and  these  mostly  useless  drones  (see  §  347)  —  while  nine 
tenths  of  its  food  consists  of  insects  which  are  harmful,  or  at  any  rate 
not  useful  to  us. 

How  do  you  suppose  men  find  out  what  the  different  birds  eat, 
and  whether  a  certain  bird  does  more  good  than  harm?  It  is  necessary 
that  men  shall  kill  a  few  birds  of  each  kind  in  order  to  examine  the 
"  crop,"  in  which  the  bird's  food  is  stored  before  it  is  digested.  Then 
it  is  possible  to  count  the  insects  and  weed  seeds  and  grain  which  the 
bird  has  eaten. 

344.  How  Shall  We  Protect  Birds?  — What  do  you 
think  of  people  who  will  kill  robins  for  food  ?     It  does  not 
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seem  possible  that  any  one  would  destroy  so  valuable  a 
bird  for  the  tiny  bit  of  meat  it  yields ;  yet  it  is  true  that 
many  hundreds  of  thousands  of  song  birds  are  kilted  every 
summer  in  this  way.  Each  person  who  cares  for  the  birds 
should  see  to  it  that  the  men  who  hunt  such  birds  are 
made  to  realize  what  a 
dreadful  thing  they  are 
doing. 

But  there  is  another 
thing  we  can  do  to  pro- 
tect song  birds,  and  this 
is  really  to  "  domesti- 
cate "  our  cats.  What 
do  you  think  of  people 
who  go  away  for  the  sum- 
mer and  leave  the  family 
cat  free  to  rove  about 
without  food?  What  can 
the  cat  do?  It  does 
as  its  ancestors  did  be- 
"  "^  fore  it,  and  becomes  a 
Flo.  258-  — A  Wrd  house  in  which  the    hunter  of  birds.     If  cats 

birda  ate  protected  from  climbing  cata  by  ii     i   j  j  j 

a  strip  of  tin  or  ijno  encircli/iB  the  poat.        are    Well    fed    and    Cared 

for,  they  are  much  less 
likely  to  hunt  for  prey.  Men  have  found  that  most  of 
the  damage  is  done  in  the  early  morning ;  hence  if  cats 
are  kept  indoors  at  night,  and  not  let  out  in  the  morning 
until  they  have  been  fed,  they  will  do  much  less  harm. 
It  has  been  estimated  that  a  full-grown  cat,  kept  in 
grounds  having  many  shrubs  and  trees,  will  kill  about 
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50  birds  every  year ;  and  it  is  also  estimated  that  in  this 
country  of  ours,  east  of  the  Mississippi  River,  cats  destroy 
about  80,000,000  birds  every  year,  or  ahnost  one  for  every 
person  in  the  whole  country.  Perhaps  we  are  pajring  too 
high  a  price  for  the  privilege  of  keeping  cats. 

We  can  attract  birds  about  our  homes  by  building  bird  houses. 
Many  very  useful  and  pretty  houses  can  be  made  easily,  or  bought. 
A  bird  house  should  be  set  upon  a  pole  at  least  8  feet  above  the  ground, 
and  should  be  protected  by  a  strip  of  tin  or  zinc  about  18  to  24  inches 
wide  going  entirely  around  the  pole,  and  placed  about  5  feet  from  the 
ground.  The  smooth  metal  strip  makes  a  place  beyond  which  a  cat 
cannot  climb  (Fig.  258). 

346.  What  Fishes  Are  Used  by  Man  ?  —  Get  a  perch, 
bass,  or  herring  at  a  fish  market,  and  study  it.  Also 
watch  the  movements  of  a  living  fish  in  an  aquarium. 
To  most  of  us  fishing  is  only  a  part  of  the  pleasure  of  a 
summer  vacation,  but  to  a  great  many  men  and  women 
it  is  the  serious  business  of  life.  Have  you  ever  read 
Kipling's  "  Captains  Courageous/'  with  its  story  of  the 
dangers  of  New  England  fishermen  upon  the  Grand 
Banks  of  Newfoundland?  This  is  only  one  of  many 
stories  that  tell  of  the  hardships  of  the  fisherman's  life. 
Mankind  eats  a  great  deal  of  fish ;  in  fact  to  a  large  por- 
tion of  the  human  race  fish  forms  almost  the  only  meat 
food. 

The  most  important  fishes  of  America,  from  a  com- 
mercial point  of  view,  are  the  salmon  on  the  Pacific 
Coast  and  the  cod  upon  the  Atlantic.  The  best  fish  in 
the  Great  Lakes  are  undoubtedly  the  whitefish;  but 
they  are  much  less  abundant  than  formerly.    Herring, 
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shad,  and  mackerel  are  the  other  very  important  salt- 
water fish,  and  perch  and  bass  those  of  first  importance 
in  the  inland  lakes  and  rivers  of  the  country.  When 
fish  swim  in  close  groups,  called  schools,  or  shoals,  they 
are  easily  caught  in  large  nimibers  by  means  of  nets. 

You  would  think  that  salt-water  fish  would  remain  always  in  the 
ocean,  but  it  is  not  so.  By  some  strange  instinct,  when  it  becomes 
time  for  the  eggs  to  be  laid  and  fertilized  (time  of  spawning),  such  fish 
as  the  salmon,  shad,  and  cod  swim  up  into  rivers  in  search  of  a  quiet 
place  for  their  young  to  develop.  Perhaps  the  ocean  is  too  rough  for 
the  purpose.  This  is  the  great  time  of  the  fishermen,  for  in  their 
journey  up  the  stream  the  fish  are  sometimes  so  crowded  that  they 
cannot  help  being  caught  in  large  numbers. 

Have  you  read  the  stories  of  the  salmon  as  they  journey  up  the 
rivers  of  the  Pacific  Coast,  in  Washington,  Oregon,  and  Alaska? 
How  they  swim  against  the  swift  currents  of  the  rapids  and  even 
climb  the  waterfalls  in  their  determination  to  get  into  the  quiet,  upper 
portion  of  the  river?  Some  of  them,  torn  and  battered  by  the  rocks, 
finally  succeed,  having  escaped  the  rushing  water  and  the  nets  of  the 
fishermen.  When  the  young  fishes  (the  "  fry  ")  are  old  enough  to 
make  the  journey,  they  swim  downstream  to  the  sea,  to  live  as  salt- 
water fish  until  the  time  comes  for  them  to  spawn  in  their  turn.  Then 
they  repeat  the  dangerous  journey  of  their  parents,  and  so  on,  genera- 
tion after  generation.  Canning  salmon  is  a  very  important  industry, 
worth  many  millions  of  dollars  annually  (see  §  212). 

The  government  tries  to  keep  up  the  supply  of  fish,  both  by  hatch- 
ing many  fish  eggs,  and  by  protecting  the  fish.  The  young  fry  are 
guarded  until  they  are  ready  to  care  for  themselves,  and  the  adult  fish 
are  protected  from  fishermen  at  the  time  when  the  eggs  are  laid.  What 
is  the  meaning  of  "  open  ^'  and  of  "  closed  "  season? 

346.  What  are  Insects  Like?  —  When  we  speak  of 
insects  we  think  at  once  of  flies,  mosquitoes,  May  beetles, 
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crickets,  grasshoppers,  ants,  bees,  wasps,  and  a  multi- 
tude of  other  creatures  like  them.  What  does  the  word 
"insect"  mean?  It  means  "cut  into  parts."  This 
name  is  given  because  of  the  many  jointed  parts  of  which 
the  insect's  body  is  made.  The  main  divisions  of  the 
insect's  body,  like  those  of  our  own,  are :  head,  thorax, 
or  chest,  and  abdomen  (§,b-dd'm€n).  But  the  insect's 
abdomen  is  made  up  of  many  jointed  rings,  instead  of  a 
single  structure.  The 
legs  of  an  insect,  and 
its  vings,  when  these 
are  present,  are  at- 
tached to  the  thorax. 
In  spiders  the  head 
and  thorax  are  xmited 
into  one  structure. 

We  have  all  heard 
or  read  of  the  won- 
derful  changes 
through  which  many 
insects  pass,  between 
the  time  they  hatch 
from  the  egg  and  the 
time  when  they  are 
fully  formed,  or  adult  (see  Fig.  259).  These  changes  may 
be  called:  (1)  the  feeding  stage;  (2)  the  restii^  stage ;  and 
(3)  the  adult,  or  egg-producing,  stage.  You  would  not 
think  that  butterflies  and  moths,  which  are  so  beautiful, 
and  which  visit  flowers  for  their  nectar,  and  aid  plants  in 
fertilization  (see  §307),  were  ever  the  caterpillars  that 
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devour  our  plants  and  spoil  our  fruit ;  but  it  is  so.  Have 
you  ever  seen  the  caterpillar  of  the  monarch  butterfly 
devouring  the  leaves  of  the  milkweed?  When  it  is 
through  eating,  and  has  stored  away  a  great  deal  of  rich 
food,  it  becomes  quiet,  and  attaches  itself  to  the  under 
side  of  a  leaf  or  stem.  Then  a  change  takes  place  in  its 
body.  The  body  shrinks  in  size,  and  beconaes  surrounded 
by  a  thin,  green  "  skin  ''  that  is  translucent,  and  through 
which  you  can  see  the  creature  inside.  Finally  the  thin 
covering  bursts,  and  the  butterfly  comes  out.  It  waits 
until  the  tubes  of  its  wings  are  filled  with  air,  and  then 
flies  away. 

We  call  the  "  worm,"  or  caterpillar,  which  eats  so  ravenously,  the 
larva;  in  the  resting  stage  we  call  the  creature  a  pupa,  or  chrysalis 
(kris'a-Us).  Moths  go  through  the  same  stages  as  butterflies,  except 
that  in  the  resting  stage  the  caterpillar  of  the  moth  spins  a  warm  case, 
or  cocoon,  about  itself.  In  which  stage  is  the  silkworm  ?  Is  the  adult 
of  the  silkworm  a  moth,  or  a  butterfly?  Have  you  ever  seen  the  beau- 
tiful cecropia  moth,  or  its  cocoons  on  the  under  side  of  a  branch  in 
winter-time?  Why  does  it  spin  a  cocoon  for  its  resting  stage?  Have 
you  ever  found  the  larva  of  the  clothes  moth  eating  holes  in  the  woolen 
garments  that  you  put  into  the  clothes  closet  for  the  summer? 

347.  What  Insects  Give  Us  Food?  —  When  someone 
speaks  of  insects  which  help  feed  us,  of  course  we  think 
at  once  of  the  honey  bee  and  its  honey.  Have  you  read 
of  the  wonderful  society  which  bees  form,  how  they  care 
for  their  young,  make  houses,  store  food,  and  act  like  the 
members  of  a  community,  with  duties  to  the  colony,  or 
swarm,  to  which  they  belong?  How  have  the  bees 
learned  to  do  these  remarkable  things  ? 
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The  "  ruler  "  of  the  swarm  is  the  "  queen,"  which  lays 
the  eggs.  The  male  bee  is  only  a  drone.  The  imdevel- 
oped  females,  or  ^*  workers,"  do  all  the  work  of  building 
the  honey  cells,  providing  the  honey  and  feeding  the 
yoimg  larvffi  (ISxVe),  or  grubs,  when  they  hatch.  If  the 
queen  bee  dies,  the  workers  feed  one  of  their  number 
with  a  special  food,  so  that  it  develops  into  a  queen. 
From  what  plants  do  bees  get  most  of  their  honey  ?  Find 
out  how  bees  live  through  the  winter.  Also  how  they 
regulate  the  temperature  of  the  hive. 

Ants  do  not  provide  food  which  we  can  use,  but  they  form  colonies 
fully  as  wonderful  as  those  of  bees.  Did  you  know  that  in  the  ant 
colonies  there  are  different  kinds  of  workers,  able  to  do  different  sorts 
of  work?  Does  it  seem  possible  that  creatures  like  ants  can  have 
slaves  to  do  part  of  their  labor?  Yet  this  seems  to  be  the  case;  for 
some  ants  capture  the  larvae  of  other  kinds  of  ants,  and  then,  when 
these  become  adults,  make  them  work  for  the  colony.  Have  you 
ever  read  of  the  ants  that  carry,  or  lead,  plant  lice  to  good  feeding 
places  on  the  leaves  of  plants,  and  are  th«i  rewarded  by  the  sweet 
liquid  which  the  lice  produce?  Surely  you  have  seen  the  galleries 
of  an  ant  colony,  when  it  was  disturbed  by  the  removal  of  a  log  or 
stone.  What  were  the  white  "  rice  grains  "  that  the  ants  were  so 
anxious  to  carry  away? 

348.  What  are  Our  Insect  Enemies  ?  —  If  we  try  to 
make  a  list  of  all  the  insects  with  which  we  have  a  quarrel, 
because  they  want  the  same  things  that  we  want,  the  list 
will  be  a  long  one.  There  is  the  clothes  moth,  for  ex- 
ample, which  every  housewife  dreads  and  tries  to  get  rid 
of.  Ants  that  come  into  the  house  for  food  are  other 
pests.  The  South  suffers  immense  damage  every  year 
owing  to  the  ravages  of  the  boll  weevil,  a  beetle  which 
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attacks  the  boll,  or  seed  case,  of  the  cotton  plant.  Then 
there  are  those  insects  which  destroy  our  trees,  grain 
crops,  and  garden  plants,  while,  as  larvae,  they  are  try- 
ing to  get  enough  food  stored  np  to  carry  them  through 
the  resting  stage  to  that  of  a  butterfly  or  moth. 

How  can  farmers  get  rid  of  these  unwelcome  guests? 
We  have  learned  (see  §  343)  of  the  great  benefit  which 
the  song  birds  confer  upon  us  by  eating  so  many  insects. 
Modern  farmers  have  also  learned  to  use  insecticides 
(In-sekt'I-sidz),  or  substances  that  will  destroy  insects, 
in  order  to  save  their  plants.  Biting  insects,  such  as  the 
elm  beetle  and  the  potato  beetle,  eat  the  whole  leaf ;  we 
can  kill  these  by  putting  a  poison,  such  as  Paris  green  or 
lead  arsenate  (ar'sen-at)  upon  the  leaf,  so  that  the  beetle 
will  eat  the  poison  too.  To  put  poison  upon  the  leaves 
and  blossoms  of  trees,  men  use  spray ers  •  that  will  force 
the  poisonous  solution  in  a  fine  mist  all  over  the  tree. 
Have  you  ever  seen  sprayers  at  work?  Have  you  ever 
seen  tobacco  solution  put  upon  house  plants  to  kill  plant 
Uce  and  other  insects? 

Sucking  insects,  such  as  plant  lice  and  scales,  are  not  easily  killed 
by  poisons  put  upon  the  outside  of  the  leaf.  These  insects  must  be 
destroyed  by  a  liquid  that  closes  their  breathing  pores^  so  that  they 
cannot  get  air.  An  emulsion  of  kerosene  and  soapy  water  (see  §  184), 
either  alone  or  containing  nicotine  (nik'o-tin)  sulphate,  works  well 
for  many  of  these  insects.  What  is  the  source  of  nicotine?  Which 
of  the  two  methods  would  work  better  for  grasshoppers?  Did  you 
know  that  the  ladybug  beetle  helps  us  by  devouring  scale  insects? 

A  third  class  of  insects  is  the  borers ;  these  have  larvae  with  such 
strong  mouth  parts  that  they  can  cut  their  way  through  wood.  Often 
they  can  be  heard  at  work  inside  the  tree.' 
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349.  How  Can  Flies  Be  Destroyed?  — What  are  our 
greatest  pests  among  insects?     Without  doubt,  flies  and 
mosquitoes.     Both  of  these  go 
through  several  changes  before 
they  are  full  grown  (see  §  346). 
The  female  fly  (see  Fig.  260) 

lays  her  eggs 

in      decaying 

matter,     such 

as  manure  or 

,  ..    ,  Fw.260.  — stages  in  the  devel- 

kltCnen        gar-  opment  of  a  housefly. 

b^e,  and  they 

soon  hatch  out  as  white,  crawling  larvse, 

called  maggots.     After  feeding  rapidly 

for  about  a  week,  the  maggot  grows  a 

thin  case,  or  shell,  about  itself,  in  which 

it  undei^oes  its  change  to  a  fly.     What 

do  we  call  the  creature  in  this  stage? 

See  §  346.     In  about  another  week  it 

comes  out  of  the  shell,  an  adult  fly. 

The  housefly  is  a  dirty  creature ;  it 

trap,  which  wiu  eotch    IS  also  directly  harmful;  for  it  can 

^ouThZX.iS'^!    ^P""®^  ^"•'^  diseases  as  typhoid  fever 

The  bait  in  placed  un-    (sce  §  309),  by  canying  the  germs  of 

^"flXseX.i^fl^"    the  disease  to  our  food  when  crawling 

upward    through   the    Qygp  j^^     ^^6  should  screen  our  houses 

Bmall  hole  in  the  cone  ■  n-  i  c      j 

of  wire  gauEe,  and  is    carefully   against    nies,    and  no  lood 
'""'=^*-  should  be  left  where  flies  can  get  at  it. 

It  is  also  important  for  us  to  kill  all  the  flies  we  can. 
This  is  especially  true  in  early  spring,  before  the  flies 
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have  had  an  opportunity  to  multiply.    Flytraps  are  also 
very  useful  for  catching  flies  in  summer  (Fig.  261). 

360.  How  May  Mosquitoes  Be  Destroyed?  —  Mos- 
quitoes, like  flies,  are  ''  home  products,"  that  is,  they 
develop  about  our  houses,  if  we  give  them  a  place  to  breed 
in.  To  get  rid  of  them,  we  must  not  allow  open  cisterns, 
wells,  rain  barrels,  or  watering  troughs  to  be  about  the 
house  or  in  the  neighborhood.  Ditches  and  puddles  are 
an  invitation  to  a  female  mosquito  to  lay  her  eggs  there ; 
so  is  a  sagging  eaves  trough  in  which  water  stands  for 
several  days  after  a  rain,  or  broken  crockery  and  tin 
cans  in  the  back  yard,  or  in  the  alley  or  the  vacant  lot 
near  by. 

The  female  mosquito  (Fig.  262)  lays  her  eggs  in  water. 
Inside  of  a  day  they  hatch  to  form  larvae  (we  call  them 

wigglers),  which  swim 
about  in  the  water.  What 
we  call  the  "tail"  of 
the  wiggler  is  an  organ 
of  breathing,  and  the 
wiggler  must  come  to 
the  surface  every  Uttle 
while  for  air.  We  can 
kill  the  wiggler  by  put- 
ting a  film  of  kerosene  upon  the  water,  as  this  cuts  off 
the  creature's  air  supply.  The  wiggler  feeds  upon  what 
it  finds  in  the  water ;  then  it  moults,  or  sheds  its  skin, 
several  times,  and  is  changed  into  an  entirely  different 
form,  the  pupa  (see  §  346).  This  has  two  breathing 
tubes,  which  it  keeps  out  of  the  water  most  of  the  time. 


Fig.  262.  —  Stages  in  the  development 
of  the  mosquito. 
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How  would  a  film  of  kerosene  probably  afifect  it  ?  After 
three  days  the  flying  mosquito  comes  out  of  the  pupa 
skin.  We  can  free  ponds  of  mosquito  wigglers  by  putting 
a  film  of  kerosene  upon  them,  or  by  stocking  them  with 
fish,  which  will  eat  the  wigglers. 

The  mosquito  is  a  nuisance  because  it  makes  life  so  disagreeable 
for  us  out  of  doors  in  summer ;  but  it  is  also  a  disease-bearer,  Uke  the 
fly.  One  kind  of  mosquito  carries  malaria;  another  carries  yellow 
fever.  If  the  malaria-carrying  mosquito  inserts  its  sharp  snout,  or 
proboscis  (pro-b5s'Is),  into  a  blood  vessel  of  a  person  who  has  the 
disease,  the  germs  of  malaria  pass  into  the  mosquito's  body  with  the 
blood  which  it  consumes.  There  they  multiply,  and  when  the  mos- 
quito bites  another  person,  the  germs  enter  that  person's  blood,  and 
give  him  the  malaria. 

The  yellow  fever  of  Cuba  and  the  Panama  Canal  Zone  was  almost 
entirely  driven  out,  when  the  breeding  places  of  mosquitoes  were 
destroyed,  and  when  the  persons  who  were  sick  with  the  disease  were 
screened  off  with  great  care,  so  that  mosquitoes  could  not  bite  them 
and  get  germs  to  carry  to  other  persons. 

351.  Exercises.  —  1.  Give  all  the  proofs  you  can  think  of  to  show 
that  other  animals  as  a  class  are  harmful  to  man;  then  give  all  the 
evidence  you  have  to  prove  that  they  are  helpful. 

2.  Out  of  what  material  does  the  spider  spin  its  web?  The  silk- 
worm its  cocoon? 

3.  What  animal  skins  have  been  used  as  bottles?  As  substitutes 
for  paper?    As  book  coverings?    As  clothing? 

4.  What  is  the  meaning  of  "pecuniary"?  It  comes  from  the 
Latin  word  pecuniae  meaning  cattle ;  how  do  you  suppose  this  came 
about? 

5.  Can  you  think  why  the  polar  bear  a^id  many  other  polar  animals 
are  white?    What  is  meant  by  "  protective  coloring  "? 

6.  Name  some  of  the  valuable  breeds  of  dairy  cows.  What  part 
of  the  milk  is  present  in  cheese?    In  butter? 
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7.  Name  some  of  the  common  breeds  of  chickens,  and  describe 
them. 

8.  Do  you  know  of  any  insects  which  have  a  shape  or  color  that 
make  them  hard  to  find  in  the  surroundings  in  which  they  live? 

9.  What  are  the  harmful  insects  which  you  know  are  living  in  your 
locality?    What  is  being  done  to  control  or  destroy  them? 

Summaiy.  —  Zoology  is  the  science  of  animals. 

The  domestication  of  animals  and  plants  was  important  for  man 
in  his  efforts  toward  civilization. 

The  Eastern  Hemisphere  had  better  beasts  of  burden  than  the 
Western. 

Man's  food  supply  has  been  changed  greatly  by  cold  storage  and 
rapid  transportation. 

Milk  is  a  valuable  food,  because  it  has  almost  every  kind  of  material 
for  supporting  life.  It  must  be  handled  and  preserved  with  care  to 
keep  it  from  becoming  a  breeding  place  for  harmful  bacteria. 

Leather  is  the  connective  tissue  of  the  true  skin  changed  by  tanning. 

Domestic  birds  are  valuable  as  food  and  for  their  eggs  and  feathers. 

Song  birds  should  be  protected  because  of  their  songs,  their  beauty 
of  color  and  form,  their  highly  developed  care  for  their  young,  and 
their  destruction  of  harmful  insects. 

Fish  form  the  chief  animal  food  of  a  large  portion  of  the  human  race. 

Insects  form  the  largest  class  of  animals,  and  are  probably  man's 
greatest  enemies  in  his  effort  to  raise  and  preserve  plant  food. 

Ants,  bees,  and  wasps  have  developed  wonderful  groups,  or  societies. 

Flies  and  mosquitoes  often  cause  the  spread  of  disease  and  should  be 
destroyed. 


PART  VII 
OUR  BODIES  AND  HOW  TO  CARE  FOR  THEM 


CHAPTER  XXXV 

THE   STRUCTURE   OF  THE  BODY 

362.  What  is  the  Plan  of  the  Body  ?  —  As  you  look  at 
a  beautiful  automobile,  with  its  engine,  steering  gear, 
lighting  system,  and  its  graceful  lines,  can  you  possibly 
think  that  it  was  put  together  out  of  any  pieces  of  iron, 
wood,  brass,  copper,  or  aluminum  that  happened  to  be 
lying  about?  No;  you  know  that  it  must  have  been 
built  according  to  a  plan,  and  that  each  piece  of  its  won- 
derful mechanism  was  carefully  made,  and  given  just  the 
right  size,  shape,  and  strength.  The  same  thing  is  true 
of  a  locomotive,  an  airplane,  a  yacht,  a  sewing  machine, 
or  a  watch.  Is  it  also  true  of  that  most  wonderful  ma- 
chine, the  human  body?    Is  there  a  plan  of  the  body? 

What  are  the  things  which  impress  you  most  about 
a  machine  like  the  automobile?  One  of  them  is  its 
power,  is  it  not?  But  almost  at  the  same  instant  you 
think  of  its  delicate  parts,  and  of  how  easily  it  is  harmed, 
or  put  out  df  order.  Are  not  the  same  things  true  of 
man's  body?  It  is  powerful,  alert,  and  graceful,  but  it 
is  easily  injured.  What  is  true  of  man  is  true  of  all  living 
things.  So,  in  giving  living  things  their  form,  nature 
has  had  two  ideas  to  work  out : 

(1)  How  can  the  body  of  the  living  organism  be  given 
the  most  power,  and  the  ability  to  care  for  itself  ? 
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(2)  How  can  it  be  protected  from  things  which  hurt  it  ? 

These  two  ideas  of  nature  have  been  worked  out  in 
two  kinds  of  bodies.  In  one  of  them  the  soft  parts  of  the 
body  are  inclosed  in  a  shell  or  case  of  some  kind.  The 
soft  organs  inside  are  attached  to,  and  protected  by,  the 
strong,  outer  covering.  In  what  animals  is  this  true? 
You  think  at  once  of  clams  and  oysters,  do  you  not? 
How  about  starfishes,  crayfishes,  spiders,  beetles,  and 
butterflies  ? 

What  is  the  plan  of  the  body  of  a  fish?  As  you  know  very  well, 
the  fish  has  a  bony  framework,  or  skeleton,  which  supports  the  other 
organs  of  the  body.  The  same  is  true  of  snakes,  alligators,  frogs,  birds, 
and  all  the  higher  animals,  as  well  as  of  our  own  bodies.  Some  of 
these  animals  have  outer  coverings,  such  as  scales,  hair,  or  feathers, 
which  have  developed  from  the  skin,  but  the  real  framework  is  inside. 
We  call  those  animals  with  an  inside  framework  vertebrates  (v6r'te- 
bratz);  while  those  without  the  framework  we  call  invertebrates. 
To  which  class  does  the  earthworm  belong?  The  jellyfish?  The 
fly  ?    The  dog  ?    The  horse  ? 

363.  What  are  Living  Cells  Like  ?  —  Do  you  remember 
that  after  studying  about  the  wonderful  organs  of  a 
flowering  plant  like  the  sweet  pea,  or  the  garden*  bean,  we 
learned  that  there  are  plants  so  simple  that  instead  of 
having  root,  stem,  leaves,  flowers,  and  seeds,  they  have 
just  a  single  cell?  See  §  309.  Usually  each  cell  is  so 
small  that  it  is  invisible  without  a  microscope.  Did  you 
know  that  there  are  one-celled  animals,  just  as  there  are 
one-celled  plants  ?  The  ameba  (S-me'ba)  is  one  of  them. 
It  is  a  tiny,  jelly-like  creature  found  in  muddy  pools 
(Fig.  263). 
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The  ameba  has  no  organs  for  motion,  such  as  feet. 
When  it  wishes  to  move,  it  extends  the  wall  of  the  cell 
out  on  one  side,  forming  a  false  foot.  The  contents  of 
the  cell  then  flow  into  the  false  foot,  and  the  creature  has 
moved.  The  ameba  has  no  mouth ;  in  order  to  feed  it- 
self, it  extends  two  or  more  false  feet  about  the  food, 
draws  away  the  cell 
wall,  and  so  gets  the 
food  inside  the  cell.  It 
throws  away  waste  food 
by  simply  moving  away 
from  it. 


FiQ.  263. —  The  ameba.  The  figure 
shows  some  of  the  stages  of  the  division  of 
one  creature  into  two. 


The  ameba  carries  out  re- 
production in  a  very  simple 
way.  Its  nucleus  (nu'kle-tis), 
or  grainy,  central  part,  di- 
vides into  two  parts ;    about 

half  of  the  material  of  each  cell  gathers  about  each  part;  the  two 
parts  separate ;  and  there  are  now  two  amebas  instead  6f  one. 

The  higher  plants  and  animals  are  composed  of  cells,  too,  but  there 
are  many  millions  of  them.  How  can  such  tiny  cells  make  up  the 
plant  or  animal  body?  We  sometimes  compare  the  cells  of  our  bodies 
with  the  cells  of  a  honeycomb,  but  the  cells  of  the  honeycomb  are  very 
much  larger.  Then,  too,  the  honeycomb  cells  are  all  alike,  and  all 
have  the  same  use,  that  is,  to  hold  the  honey;  while  in  our  bodies, 
and  in  those  of  most  plants  and  animals,  there  are  many  kinds  of  cells, 
of  different  sizes,  shapes,  and  uses.  These  cells  do  their  work,  and 
wear  out ;  but  they  produce  new  cells  to  carry  on  the  work,  so  that 
the  body  lives  on. 


364.  What  Are  Cells  Made  Of? — How  is  the  material 
of  a  cell  different  from  that  of  a  stone,  or  of  a  crystal  of 
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salt,  or  of  a  honeycomb?  The  difference  is  that  the  cell 
is  living  matter ;  we  call  it  protoplasm.  The  cell  wall  is 
living ;  so  are  the  nucleus  and  the  other  contents  of  the 
cell.  The  living  cell  differs  from  a  stone  in  that  it  can 
take  material  out  of  food  and  make  it  a  part  of  itself,  and 
it  can  carry  out  reproduction,  thus  forming  other  living 
cells  like  itself. 

How  does  one  of  the  higher  plants  or  animals  grow 
larger  ?  It  does  so  by  the  division  of  its  cells,  much  as  in 
the  case  of  the  ameba.  You  can  see  that  if  each  new  cell 
grows  to  the  size  of  the  original  cell,  and  there  are  more 
cells,  the  whole  body  will  be  larger.  However,  in  the 
bodies  of  the  higher  animals  and  plants,  and  in  our  own 
bodies,  each  cell  does  not  do  every  kind  of  work,  as  the  one 
cell  of  the  ameba  does.  Instead,  we  have  a  division  of 
labor;  that  is,  some  kinds  of  cells  do  one  sort  of  work 
for  the  body,  and  other  kinds  of  cells  do  different  work. 
Thus  the  red  cells,  or  corpuscles  (kawr'ptisls ;  see  §  375), 
of  the  blood  carry  oxygen  to  all  the  other  cells  (see  §  46), 
so  that  the  others  can  remain  where  they  are.  The  cells 
in  the  stomach  and  intestines  digest  food  for  the  other 
cells  (see  §§  368  and  370) ;  while  the  bone  cells  build 
up  a  strong  framework  to  support  the  other  body  cells. 
What  does  the  group  of  cells  in  the  lungs  do  for  the  other 
cells  ? 

We  call  a  group  of  cells  of  one  kind,  doing  one  kind  of 
work,  a  tissue.  Thus  we  have  lung  tissue,  muscle  tissue, 
bone  tissue,  and  others. 

366.  What  are  Bones  Like  ?  —  Have  you  ever  looked 
at  the  collection  of  bones  left  after  a  chicken,  or  turkey, 
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or  rabbit,  has  been  eaten,  and  thought  of  the  many 
different  kinds  of  bones  there  are,  and  that  each  kind  is 
useful  for  some  particular  purpose?  There  are  many 
different  kinds  in  our  own  bodies  also.  We  find  long 
bones,  short  bones,  flat  bones,  round  bones,  and  bones 
of  irregular  shape.  Why  do  we  find  this  difference  of 
shape  and  size?  Each  bone  is  especially  fitted  for  the 
work  it  is  to  do,  and  the  support  it  is  to  give.  The  bones 
of  the  leg  are  long  to  enable  us  to  take  long  steps.  The 
bon^  of  the  head  are  pieces  of  irregular  shape  which  fit 
tightly  together,  so  as  to  form  a  hard  casing  for  the  brain. 

Clean  thoroughly  the  leg  bone  or  "  wishbone  "  of  a.  chicken,  boil 
it  for  a  few  minutes  in  water,  and  soak  it  for  3  or  4  days  In  dilute 
hydrochloric  acid  (see 
g§  176  and  191).  If  the 
action  is  complete,  you 
will  find  that  the  bone  has 
become  pUable,  and  may 
even  be  tied  in  a  knot ! 
Why  is  this?  The  bone' 
is  composed  of  branching, 
interlacing  cells  of  con- 
necttre  tissue  (see  §§  195 
and  341,  and  Fig.  264), 
stiffened  with  minerals. 
These  minerals  make  up 

about  i  of  the  weight  of  p,^  ^  _  ^^^^  ^^„^  ^^^  ^^^^  ^^  ^^^_ 
the  bone.     The  acid  acts  for  the  nervm  and  blood  vesBals. 

upon  the  minerals,  so  that 

they  dissolve,  leaving  the  connective  tissue,  which  is  easily  bent.  If  a 
bone  is  burned,  the  connective  tissue  is  destroyed,  and  only  the  min- 
eral matter  is  left  behind ;  the  bone  is  then  very  brittle.  What  quality 
does  the  mineral  matter  give  to  the  bone?    The  connective  tissue? 
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Around  the  bone  there  is  a  tough  covering  of  connective  material, 
and  the  bone  tissue  itself  is  very  compact  and  firm.  Generally  the 
bones  have  tubes,  or  "  canals,"  through  which  the  blood  circulates ; 
nerves  (see  §  395)  are  found  there  too.  Why  are  the  larger  bones  of 
flying  birds  hollow,  do  you  suppose? 

366.  How  Do  Bones  Grow?  —  Can  a  very  young  baby 
walk?  Of  course  it  cannot.  We  say  that  its  legs  are 
not  strong  enough  to  support  its  body.  What  are  the 
reasons  for  this?  One  is  that  the  baby's  muscles  are 
not  strong  enough  to  permit  it  to  balance  its  body  prop- 
erly; but  another  important  reason  is  that  the  bones 
of  its  legs  are  not  stiff  enough.  In  fact,  its  legs  easily 
become  permanently  bent  if  used  too  soon. 

You  know  that  the  bone  which  supports  yotu"  nose 
does  not  come  to  the  very  tip,  but  that  a  tough,  elastic 
material  takes  the  place  of  bone.  This  is  called  car- 
tilage (kSrt'I-l6j).  The  outer  ear  contains  cartilage,  too, 
instead  of  bone,  and  a  little  growth  of  thin  cartilage 
exists  at  the  ends  of  many  bones,  so  as  to  make  a 
cushion  which  will  prevent  the  jarring  of  one  bone  against 
another. 

The  infant's  bones  are  not  cartilage,  but  they  are  of  a  material 
much  like  it,  except  that  the  cells  of  these  soft  bones  of  the  infant  have 
the  power  to  produce  a  stiffening  of  minerals,  and  so  harden  the  bones. 
The  bones  of  an  infant  "  knit,"  or  grow  together,  easily  if  broken. 
The  bones  of  an  old  person  are  stiff,  but  they  are  also  brittle.  When 
they  are  broken,  their  cells  do  not  grow  easily  and  join  the  broken 
pieces  together ;  so  that  a  fall  is  often  very  serious. 

The  bones  of  a  child  need  growth  materials,  such  as  are  found  in 
milk,  so  that  they  may  harden  properly.    Review  §  191. 


THE  STRUCTURE  OF   THE  BODY  455 

367.  Why  Do  We  Have  Joints?  —  Men  have  dis- 
tinguished 206  bones  in  the  body.  Why  are  there  so 
many?  Why  cannot  the  framework  of  the  body  be  all 
in  one  piece,  or  at  any  rate  in  a  few  pieces?  Such  an 
arrangement  would  hold  the  body  upright,  perhaps ;  but 
the  body  needs  to  bend,  as  well  as  to  be  held  upright. 
This  is  the  reason  for  flexible  joints.  The  joints  at  the 
elbow,  and  in  the  wrist  and  fingers,  are  flexible. 

In  the  case  of  some  other  joints  the  bones  simply  need 
to  be  lashed  together  firmly;  this  is  true  in  the  skull. 
Such  joints  are  said  to  be  inflexible.  If  there  were  no 
flexible  joints,  the  muscles  could  not  move  the  body, 
the  body  could  not  bend,  and  we  could  not  hold  anything 
in  our  hands.  But,  on  the  other  hand,  if  the  bones  of  the 
skull  were  easily  moved,  or  bent,  the  brain  would  not  be 
well  protected. 

How  many  kinds  of  flexible,  or  movable,  joints  are 
there?  One  of  them  is  called  a  hinge  joint,  because  of  its 
resemblance  to  a  hingie.  Examine  a  hinge  used  to  fasten 
a  door  to  a  door  frame;  how  does  it  work?  It  allows 
the  door  to  swing  in  two  opposite  directions,  does  it  not  ? 
The  same  is  true  of  hinge  joints.  Such  joints  are  found 
in  the  elbow,  knee,  fingers,  and  toes  (see  Fig.  205,  §  276). 

Swing  your  arm  about  in  a  circle.  Do  you  think  your  shoulder 
has  a  hinge  joint?  No,  the  joint  here  is  of  a  different  sort;  we  call 
it  a  ball-and-socket  joint.  This  is  a  more  complicated  joint  than  the 
hinge  joint.  On  one  bone  there  is  a  round  end,  or  ball,  which  fits  into 
a  hollow  place,  or  socket,  in  the  other  bone.  The  ball  can  turn  in  its 
socket  in  many  directions',  and  so  gives  great  freedom  of  motion.  The 
joint  at  the  hip  is  also  of  the  ball-and-socket  type  (Fig.  265). 
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In   a  third   kind  of  joints  the 

bones    slide    over    one    another; 

these    are    called    gliding     joints. 

The  small  bones  of  the  ankle  and 

wriBt  are  good  examples  of  such 

joints. 

^,  How  are    bones   held  together 

at    the   movable    joints?     Partly 

by  the  muscles  which  are  attached 

to  the  bones,  but  chiefly  by  tough 

cords,    called    ligaments.      Thus, 

ligaments    hold   the   ball   of   the 

shoulder  joint  in  place  in  its  socket, 

Bom  except    when  an    accident   causes 

Fio.  266.  -  The  ball-and^cket        the  shoulder  to  be  thrown  "  out  of 

joint  at  the  hip.  place." 

368.  What  is  the  Skeleton  Like?  —  If  you  examine  the 
framework  of  the  body  of  a  bird  or  cat,  or  of  any  verte- 
brate ani-     _j^C^ 
mal    (Fig.   ^^h^ 
266),    you  ^^ 
will     be 
struck  by  the  fact 
that  the  bones 
which  make  up  the 
framework    are 
planned  for  light- 
ness as  well  as  for 
strength,  and  that 
they    are    beauti- 
fully   fitted    to-        ^°-  266.  —  Skeleton  of  a  cat.     Not*  that  the 

,  ^  .  "heel"  ia  some  diBtaoce  from  the  ground,  and  that 

gether.    In  serving  the  cat  i*aiki  on  its  b»B. 
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as  a  framework  the  bones  support  not  only  the  soft  organs 
inside  the  skeleton,  but  also  the  muscles,  fat,  and  skin 
which  cover  the  skeleton  and  give  the  body  its  outer 
form.     The  same  is  true  of 
man's  skeleton. 

The  bones  of  man's  head 
form  a  very  strong  ease  for 
the  brain,  and  at  the  same 

time  provide  sockets  for  the  ' 

eyes,  and  protecting  hollows 
for  the  nose,  tongue,  teeth, 
and  ears,  as  well  as  the 
proper  kind  of  bone  for  the 
skull  to  rest  upon,  at  the  top 
of  the  backbone,  or  spinal 
column  (Fig.  267). 

The  chest,  or  thorax,  con- 
sists of  a  box,  or  case,  for 
the  lungs  and  heart,  and  for 
the  attachment  of  a  strong 
muscle,  the  diaphragm 
(c^'a-fram),  which  separates 
the  chest  from  the  abdomen. 
There  are  slender,  but  strong 
ribs  attached  to  the  back- 
bone.     Seven   pairs  of   these        Fro.  267.  — The  human  Bkeleton. 

are  joined  in  front  to  the 

breastbone ;  three  more  pairs  are  joined  to  the  lowest 
pair  of  the  true  ribs  {those  attached  to  the  breastbone) ; 
while  two  pairs  of  ribs  are  called  floating  ribs,  because  in 
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front  they  are  not  attached.    How  many  pairs  of  ribs  are 
there  in  all? 

What  are  the  bones  of  our  limbs  ?  The  bone  of  the  upper  arm  is 
attached  to  a  large  flat  bone  that  you  can  feel  in  your  back  (the  shoulder 
blade),  and  there  are  two  collar  bones  which  act  as  braces,  or  props, 
to  hold  the  shoulder  bones  in  place.  At  the  bottom  of  the  backbone 
there  is  a  group  of  four  bones.  These  support  the  weight  of  the 
abdomen,  and  two  of  them  —  the  hip  bones — have  the  sockets  of 
the  ball-and-socket  joints  by  which  the  upper  bone  of  each  leg  is 
attached  to  the  body.  So  both  the  legs  and  the  arms  are  attached 
to  the  body  by  ball-and-socket  joints.    Why? 

Our  four  limbs  have  each  30  bones.  There  is  a  kneecap  in  the 
leg,  and  no  corresponding  bone  at  the  elbow;  but  there  is  one  bone 
less  in  the  ankle  than  in  the  wrist,  so  the  numbers  in  the  arm  and  the 
leg  are  equal. 

The  following  is  the  list  of  the  bones  in  the  different  regions  of  the 
body: 


Bones  of  Head 

Bones  of  Trunk 

Bones  of  Limbs 

SkuU      .      8 

Backbone  .    24 

Breastbone  . 

1 

Arms      60 

Face  and 

Base  of 

Collar  bones 

2 

Legs       60 

tongue     15 

abdomen      4 

Shoulder 

120 

Ears  .    .      6 

Ribs      .     .    24 

blades 

2 

29 

57 

Total  number  of  bones 

1    .    .    206 

Why  are  there  so  many  bones  in  the  hands  and  feet? 

369.  How  Do  Our  Muscles  Work?  —  Look  back  at 
Fig.  115,  §  195.  What  is  the  steak  shown  in  the  figure? 
It  is  a  piece  of  a  large  muscle,  is  it  not?  What  is  the 
duty,  or  work,  of  muscles?  They  are  the  organs  that 
move  the  bones,  and  make  it  possible  for  the  body  to 
change  its  position.  The  bones  make  the  strong  frame- 
work of  the  body,  but  the  muscles,  stretched  over  the 
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bones,  and  sliding  over  one  another,  give  movement  to 
the  body. 

The  cells  in  the  muscles  are  long,  and  gathered  together 
in  bundles  of  muscle  fiber.    The  bundles  are  surrounded 
by  a  white,  skin-like  membrane  of  ccomectiTe  tissue  (see 
§  195).     Muscles  do  their  work  by  becom- 
ing shorter,  or  contracting,  and  then  by 
growing    longer    again,   or  relaxing  (Fi^. 
268).      Consider,  for  example,  the  targe, 
biceps  (bl'sSps)  muscle  of  the  upper  arm. 
One  end  of  the  muscle  is  attached  to  the 
shoulder,  and  the  other  end  to  a  bone  of 
the  forearm.     Suppose  you  wish  to  raise  a 
weight  which  you  are  holding  in  yoiu*  hand 
(see  Fig.  205,  §  276).    The  biceps  muscle 
contracts,  that  is,  its  cells  contract,  and 
becomes  shorter.    As  a  result  the  bone  of 
the  forearm  is  raised  and  brought  nearer       ^^^    ^gg  _ 
the  shoulder.     When  the  muscle  relaxes,    Muscles,  tendons, 
or  lets  go,  the  forearm  falls.     But  the  body    ^^  nS^^^ 
cannot  depend  upon  gravity  to  pull  a  bone 
back  in  place  and  so  straighten  the  joint.     As  there  is  a 
muscle  which  by  contracting  bends  a  joint,  so  there  is 
usually  another  muscle  at  the  same  joint  which  by  con- 
tracting makes  the  joint  straight..    We  say  that  these  are 
opposing  muscles.     What  does  this  mean?     Feel  of  the 
thick  biceps  muscle  on  the  inner  side  of  your  upper  arm, 
when  you  draw  your  forearm  up.     On  the  outer  side 
there  is  a  muscle  called  the  triceps,  which  has  the  duty  of 
making  the  elbow  joint  straight. 
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360.  What  is  the  Use  of  Tendons?  —  Clench  your 
right  fist,  and  with  your  left  hand  feel  the  drawn-up 
muscles  of  your  right  forearm.  Also  feel  the  tough  cords 
on  the  inside  of  your  wrist.  Are  these  muscles?  Then 
feel  the  cords  on  the  inside  of  your  elbow  joint.  Are 
these  muscles,  too  ? 

Suppose  that  all  the  muscles  which  move  the  hand 
(there  are  about  30)  were  in  the  hand  itself.  What  a 
clumsy  affair  the  hand  would  be,  and  how  unable  to  do 
fine,  delicate  work !  But  nature  has  put  into  the  fore- 
arm the  strong  muscles  that  move  the  hand ;  in  the  fore- 
arm their  thickness  does  not  matter.  What  passes  into 
the  hand  is  not  these  large  muscles,  but  long,  slender, 
very  strong  extensions  of  them;  thus  the  hand  may 
remain  small  and  skillful.  The  extensions  of  the  muscles 
are  called  tendons.  They  are  the  extensions  of  the 
connective  tissue  (see  §§195  and  359)  of  the  muscles, 
and  attach  a  muscle  to  the  bone  it  is  to  move,  even  when 
the  bone  is  some  distance  away.  There  are  also  many 
strong  tendons  passing  from  the  lower  limbs  through  the 
ankles ;  these  tendons  move  the  bones  of  the  feet. 

How  can  tendons  be  kept  in  place  at  such  important  joints  as  those 
of  the  wrist  and  ankle?  Encircle  your  right  wrist  with  the  thumb  and 
forefijiger  of  your  left  hand,  as  if  your  left  hand  were  a  bracelet.  There 
are  "  bracelets,"  or  bands,  of  tough,  strong  tissue  under  the  skin. 
These  are  called  ligaments.  They  keep  the  tendons  at  the  wrist  and 
the  ankle  from  slipping  out  of  place.  Usually  they  do  their  work 
properly,  but  sometimes  they  are  strained  or  torn. 

361.  Is  Care  of  the  Body  Worth  While?  — Does  it 
matter  what  position  you  take  when  you  walk,  stand,  or 
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sit?  Why  do  some  people  "cany  themselves"  grace- 
fully, while  others  are  so  awkward  in  their  movements? 
Part  of  the  difference,  at  least,  comes  from  the  way  in 
which  people  learn  to  use  their  bones  and  muscles.  A 
correct  carriage  of  the  body  is  a  matter  of  health  as  well 
as  of  looks.  If  the  body  is  not  carried  erect,  round 
shoulders  are  the  result,  and  the  chest  is  likely  to  be  too 
small  for  the  lungs  and  heart  inside  it.  Slumping  down 
into  a  chair  throws  the  organs  of  the  abdomen  out  of 
place.  Our  bodies  are  beautifully  built  machines,  but 
and  they  are  deUcate,  grow  easily  in  any  position  in  which 
we  hold  them.  We  should  help  them  to  become  erect 
and  graceful  by  carrying  ourselves  correctly  (see  §  262). 

Have  we  any  duty  to  our  muscles  ?  Two  things  are  absolutely 
necessary  for  a  healthful  body;  they  are  rest  and  exercise  in  the 
proper  proportions.  If  the  body  is  not  allowed  to  rest  long  enough, 
and  if  the  hours  of  sleep  are  too  short,  the  whole  body  becomes  worn 
out.  The  muscles  become  sore,  and  one  feels  as  if  he  were  not  strong 
enough  to  walk  briskly,  or  even  to  hold  his  body  erect  when  he  is  sitting 
in  a  chair.  Just  as  important  as  rest,  however,  is  exercise.  Exercise 
is  best  when  it  is  carried  on  out  of  doors.  No  amount  of  indoor  work 
can  take  its  place.  Why?  The  clothing  should  always  be  sufficient 
for  protection  in  stormy  weather.  Brisk  exercise  is  needed  every  day, 
and  the  person  who  neglects  it  will  suffer  by  having  weak  muscles,  a 
poor  digestion,  or  some  other  form  of  bodily  weakness  or  discomfort. 

362.  Exercises.  —  1.  Between  the  vertebrae  (v6r'te-bre),  or  sepa- 
rate bones  of  the  backbone,  there  are  pads  of  cartilage.  How  will 
they  affect  the  jarring  of  the  body  in  walking?  The  ability  of  the 
back  to  bend? 

2.  Do  you  think  you  are  taller  at  night,  or  in  the  morning?    Why? 

3.  From  the  way  in  which  you  can  move  your  fingers  and  thumb, 
what  kinds  of  joints  do  you  think  they  have? 
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4.  How  has  the  shape  and  structure  of  man's  hands  made  his  ad- 
vancement possible? 

5.  What  is  the  effect  of  high  heels  upon  the  way  in  which  the  wearer 
walks? 

6.  What  is  meant  by  the  division  of  labor?  How  is  the  body  like 
a  village  of  f)eople? 

7.  Name  some  of  the  kinds  of  cells  in  the  body,  and  the  part  they 
take  in  keeping  the  body  alive. 

8.  Of  what  advantage  is  it  to  man  that  he  can  walk  upright? 

Stimmaiy.  —  Vertebrates  are  animals  with  an  interior  bony  frame- 
work for  the  support  of  the  body. 

The  cell  is  the'  unit  of  living  matter.    It  consists  of  protoplasm. 

When  the  cells  of  a  many-celled  animal  divide,  they  remain  at- 
tached, and  the  animal  grows  in  size. 

A  group  of  cells  of  the  same  kind,  and  doing  one  kind  of  work,  is 
called  a  tissue. 

Bones  consist  mainly  of  connectiye  tissue  and  of  mineral  matter. 

A  child's  bones  become  stiff  because  the  bone  cells  secrete  mineral 
matter  from  its  food. 

The  joints  of  the  body  are  flexible  and  inflexible  joints. 

The  three  kinds  of  flexible  joints  are  hinge,  ball-and-socket,  and 
gliding  joints. 

The  bones  of  the  head  and  trunk  are  chiefly  for  protection ;  those 
of  the  limbs  for  movement. 

Muscles  are  organs  that  have  the  duty  of  producing  movement  in 
the  parts  of  the  body.  They  do  their  work  because  their  cells  have 
the  power  to  contract  and  then  to  relax. 

Tendons  are  extensions  of  the  connective  tissue  of  muscles. 

Ligaments  are  bands  and  cords  that  hold  tendons  and  bones  in 
place. 

The  body  needs  proper  amounts  of  exercise  and  rest. 


CHAPTER  XXXVI 


HOW  FOOD  IS  DIGESTED 
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363.  What  Organs  Digest  Oiir  Food?  —  If  someone 
were  to  ask  you  what  organs  digest  food,  would  you 
answer :  "  The  stomach  ''  ?  Do  you  realize  that  the 
organs  of  digestion  form  a  long  tube  about  30  feet  long, 
and  that  the  stomach  does  only  a  part  of  the  work  ?  This 
long  tube  is  called  the  digestive  tract.  When  food  is 
taken  into  the  mouth,  it  is  not  in  a  con- 
dition to  be  used  by  the  body.  The 
digestive  tract  consists  of  organs  that 
act  upon  the  foods  and  change  them, 
so  that  they  can  be  used.  As  the  food 
is  mostly  insoluble,  it  has  to  be  put  into 
such  form  that  it  can  dissolve.  The 
digestive  tract  is  lined  throughout  with 
a  continuation  of  the  skin  which  covers 
the  outside  of  the  body.  This  interior 
skin  is  called  mucous  (muk'iis)  mem- 
brane. The  mucous  membrane  begins 
with  the  lips,  where  it  shows  a  thin  pink 
covering.  The  network  of  blood  vessels 
under  it  causes  the  color.  The  surface  of  the  mucous 
membrane  is  made  up  of  flat  cells.  In  many  places  these 
cells  are  folded  in ;    thus  glands  are  formed  (Fig.  269). 
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Fig.  269.  — a 
simple  gland  is  made 
by  a  fold  in  the 
mucous  membrane. 
In  a  complex  gland 
the  many  folds  pour 
their  secretion  out 
through  one  tube,  or 
duct. 
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The  glands  take  certain  liquids  from  the  blood,  and  store 
them  in  pockets  from  which  they  are  poured  out  upon 
the  foods  that  pass  by.  We  say  that  the  glands  secrete 
these  liquids.  The  liquid  secreted  is  called  a  secretion 
(se-kre'shtin). 

364.  How  Does  the  Mouth  Help  Digestion?  —  The 
mouth  is  the  first  part  of  the  digestive  tract.  The  nerves 
of  taste  are  located  on  the  tongue,  and  the  nerves  of  smell 
are  just  above  the  mouth,  in  the  nose ;  so  that  the  senti- 
nels of  taste  and  smell  can  pass  upon  the  food,  and  tell 
us  whether  we  ought  to  eat  it  or  not.  Many  people 
gauge  the  amount  of  food  to  be  eaten  by  its  attractiveness. 
Such  habits  often  result  in  overeating.  Overeating  gives 
the  digestive  tract  too  much  to  do,  and  puts  it  out  of  order. 
The  tongue,  besides  containing  the  nerves  of  taste,  is  of 
such  a  muscular  structure  that  it  is  very  skillful  in  push- 
ing the  food  about  in  the  mouth.  After  the  teeth  have 
ground  the  food  thoroughly,  the  tongue  pushes  it  back 
into  the  mouth,  so  that  it  may  be  swallowed. 

When  you  are  hungry  and  smell  cooking  food,  your  mouth  "  waters." 
The  "  water  "  in  the  mouth  is  called  saliva  (sft-li'va).  Three  pairs  of 
glands  in  the  lining  of  the  mouth  secrete  this  liquid.  Besides  softening 
and  moistening  the  food,  the  saliva  acts  upon  it  to  change  its  nature. 
Saliva  is  like  a  base  (see  §  177),  and  has  an  alkaline  reaction.  What 
does  this  mean?  It  also  contains  a  substance  called  ptyalin  (ty'a-lln), 
which  is  a  ferment  and  simply  by  its  presence  brings  about  a  partial 
change  of  the  starch  into  sugar.  Hence  a  cracker  becomes  sweet  when 
chewed.    Try  it. 

366.  What  is  the  Work  of  the  Teeth?  — How  many 
teeth  have  you?    When  you  are  a  "  grown-up,"  or  an 
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adult,  you  should  have  16  teeth  in  the  upper  jaw  and  16  in 
the  lower  jaw.     These  teeth  are  of  4  different  kinds,  ac- 
cording to  the  work  which  each  is  fitted  to  do  (Fig.  270). 
There  are  4  incisors  (in-a'sfirs) 
in  each  jaw.      These  are  flat, 
sharp  teeth  for  biting  and  tear- 
ing pieces  of  food.     Next  to  the 
incisors,  on  each  side,  are  the 
canine  (ka'nln),  or  "  dog,"  teeth. 

In  the  dog  these  are  greatly  de-  no.  270.  -  The  teeth, 

veloped  for  the  tearing  of  food. 

Back  of  the  canine  teeth,  on  each  side,  are  two  bicuspid 
(bi-kiis'pld)  teeth.  Each  of  these  has  two  points,  or 
cusps.  The  bicuspid  teeth,  together  with  the  three  molar 
teeth  back  of  them  make  up  the  grinders.  What  is  their 
work? 

A  child  has  a  temporary  set  of  20  teeth  called  the  "  milk 
teeth."  The  first  permanent  teeth  do  not  appear  iintil 
the  child  is  six  or  seven  years  old. 

A  tooth  consists  of:  (1)  the  crown,  which  you  see 
covered  with  a  hard,  white  enamel ;  (2)  the  neck,  which 
is  in  the  gum ;  (3)  roots.  The  neck  and  roots  are  made 
of  a  material  called  dentine  (dSn'tIn),  and  the  roots  are 
covered  with  "  cement."  The  inside  of  the  tooth  con- 
tains blood  vessels  and  nerves  and  is  called  the  pulp. 

Since  our  teeth  are  sj  strongly  made,  people  are  likely  to  neglect 
them,  and  so  cause  them  to  be  injured  or  lost.  If  our  teeth  are  not 
brushed  thoroughly  every  day,  bacteria  and  decaying  food  act  upon 
them  end  rot  them.  If  we  break  the  enamel  by  biting  threads,  nuts, 
or  brittle  candy,  the  decay  of  the  teeth  will  be  very  rapid.    Every  one 
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should  have  a  dentist  examine  his  teeth  every  six  months  or  so,  in 
order  that  the  xmall  cavities  may  be  found  and  "  filled,"  before  bac- 
teria have  entered  to  break  and  destroy  the  whole  tooth.    Did  you 
know  that  many  diseases  of 
other  parts  of  the  body  have 
been  traced  to  bad  teeth  ? 

366.  How  Do  We 
Swallow?  —  Perhaps 
we  should  ask :  How 
do  you  swallow?  Do 
you  wash  your  food 
down  with  water,  or 
gulp  it  down  in  a  hurry  ? 
J  Swallowing  of  the  food, 

if  properly  done,  is  un- 
consciously done.  What 
does  this  mean  ?  When 
■'  the  food  is  softened  and 
mixed  with  saliva,  un- 
til it  is  in  the  proper 
condition,  the  tongue 
pushes  it  to  the  back 
of  the  mouth,  so  that 
it  enters  the  throat,  or 
pharynx  (f&rlnks ;  Fig. 

Fiu.  271.  — Course  of  food  and  air  aa  they      „-,  ,         ™.     . 

enter  the  body.  271).      ThlS  18  a  HIUSCU- 

lar  tube  about  4  inches 
long.  It  has  many  openings.  At  the  top  there  are  two 
openings  into  the  nose  ;  two  lead  to  the  ear.  One  open- 
ing is  into  the  windpipe,  and  the  food  has  to  pass  over  it. 
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The  upper  part  of  the  windpipe  is  covered  by  a  lid  which 
keeps  the  windpipe  closed  until  the  food  has  passed  over 
it  (see  §386).    When  we  swallow,  the  nose  and  mouth 
openings  close  also,  and  the  upper  muscles  of  the  pharynx 
contract  above  the  food  and  force  it  down  into  another 
tube  called  the  esophagus  (e-sbfa-gus),  or  gullet.     This 
is  a  tube  about  9  inches  in  length,  which  opens  into  the 
stomach.      It  is. lined  with  mucous  membrane  and  has 
muscles  which  go  around  it  in  a  circle.     These  muscles 
contract  rapidly,  one  after  another,  above  the  food,  so  that 
the  food  is  forced  into  , 
the  stomach.     How  can 
this  be?     Suppose  that 
a  tube  like  the  esopha- 
gus   has    lengthwise 
muscles,  and  that  these 
contract,    what    is    the 
effect?      The    tube    be- 
comes   shorter,    does  it 
not  ?     Suppose    that 
muscles  pass  around  the 
tube,  what  happens  when 
they    contract  ?       They 
make  the  tube  smaller 
in  diameter,  do  they  not  ? 
367.   What    is    the 
Structure  of  the  Stom-  ^'*' 
ach  ?  —  Have    you    no- 
ticed that  when  you  eat  or  drink  something  very  hot 
or  very  cold,  you  have  a  feeling  of  hot  or  cold  down 
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your  back?  The  esophagus  Ues  against  the  backbone 
and  passes  through  the  chest  into  the  abdomen.  There 
it  widens  into  what  we  call  the  stomach  (Fig.  272).  The 
stomach  is  an  organ  about  1  foot  in  length  and  4  inches 
in  diameter.  Like  the  esophagus,  it  has  lengthwise  and 
circular  muscles,  but  it  has  also  a  third  set  of  muscles 
running  in  an  obUque  dkection.  These  three  kinds  of 
muscles,  by  a  series  of  contractions,  "  phum ''  the  food 
m  the  stomach  during  digestion.  The  churning  aids  in 
mixing  a  liquid,  the  gastric  jtiice,  with  the  food.  The 
gastric  juice  is  secreted  by  glands  which  are  in  the  mucous 
membrane  that  lines  the  stomach. 

The  smaller,  or  receiving,  end  of  the  stomach  is  always  open,  so  that 
food  from  the  esophagus  passes  directly  into  the  stomach.  But  a 
ring  of  muscle  closes  the  entrance  from  the  stomach  to  the  intestines, 
or  bowels.  This  opening,  called  the  pylorus  (pi-l6'riis),  is  so  nicely 
adjusted  that  it  permits  food  to  pass  only  when  the  food  has  become 
properly  mixed  with  gastric  juice,  and  has  an  acid  reaction.  What 
does  this  mean  ?    See  §  178. 

368.  What  Happens  to  Food  in  the  Stomach  ?  —  When 
the  food  goes  into  the  stomach,  it  is  deposited  all  around 
the  inside  lining,  where  it  is  in  close  contact  with  the 
glands  secreting  the  gastric  juice.  The  gastric  juice  is 
composed  of  water,  hydrochloric  (muriatic)  acid  (see 
§  175),  and  certain  ferments.  The  chief  of  the  ferments 
are  pepsin  and  rennin.  What  is  the  ferment  in  the 
mouth  ?  By  th.e  presence  of  these  ferments,  the  proteids, 
or  nitrogen  foods  (see  §  188),  are  partly  changed.  Pepsin 
causes  them  to  break  down  into  more  simple  substances. 
While  proteids  cannot  be  dissolved  in  water,  these  simple 
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compounds  are  soluble.  Of  course  everything  has  to  be 
in  a  dissolved  form,  or  a  very  finely  divided  form,  before 
it  can  be  taken  into  the  blood.  Rennin  acts  upon  milk, 
causing  it  to  form  '*  clots,"  such  as  we  see  in  sour  milk. 

The  hydrochloric  acid  is  of  value  in  several  ways.  Saliva  is  alkaline 
(a  base ;  see  §  177),  and  makes  the  food  alkaline.  Pepsin  works  better 
in  an  acid  solution.  The  acid  also  destroys  many  harmful  bacteria 
which  are  taken  into  the  body  with  the  food.  However,  hydrochloric 
acid  will  not  kill  such  harmful  bacteria  as  those  of  t3rphoid  fever. 
After  the  food  has  been  acted  upon  in  the  stomach,  it  is  changed  to  a 
milky  substance  called  chyme  (kim). 

369.  What  are  the  Intestines  Like  ?  —  So  far,  diges- 
tion has  changed  starchy  foods  partly  into  sugar,  has 
partly  broken  down  the  proteids  into  simpler  substances 
that  are  soluble,  and  has  broken  the  food  into  small  par- 
ticles, and  mixed  it  with  much  liquid.  These  processes 
must  be  finished.  Leaving  the  stomach  through  the 
pylorus,  the  food  is  next  taken  into  the  small  intestine. 
This  is  a  tube  about  one  inch  in  diameter  and  about  22  feet 
long.  How  can  the  abdomen  hold  so  long  a  tube?  Of 
course  the  tube  must  be  coiled  up.  Connected  with  the 
small  intestine  is  the  large  intestine.  This  tube  is  about 
6  feet  long.  Herb-eating  animals  have  much  longer 
intestines  even  than  man.  The  grown  ox  has  intestines 
measuring  about  150  feet  long.  The  intestines  are  like 
the  esophagus  in  having  two  kinds  of  muscles :  one  set 
running  lengthwise,  and  a  circular  set  running  around 
the  intestines.  How  does  each  set  push  the  food  along? 
The  mucous  lining  of  the  intestines  contains  glands  which 
secrete  the  juices  needed  in  digestion  just  as  the  stomach 
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secretes  gastric  juices.  Small  elevations  in  the  mucous 
tissue. are  important  organs  of  the  intestines.  They  are 
called  villi  (vIl'T),  and  their  work  is  to  take  up,  or  absorb, 
food  from  the  digestive  tract  and  to  assist  in  transferring 
it  to  the  blood.  The  advantage  of  the  villi  lies  in  the  fact 
that  they  project  into  the  intestines  and  so  increase  the 
absorbing  surface  7  or  8  times.  The  large  intestine  has 
no  villi,  as  its  chief  concern  is  not  to  absorb  digested  food, 
but  to  remove  solid  wastes  from  the  body. 

370,  What  Happens  to  Food  in  the  Intestines  ?  —  Im- 
mediately after  the  chyme  enters  the  intestines,  a  secre- 
tion from  the  pancreas  (pan'kre-as)  is  poured  upon  it. 
The  pancreas  is  a  small  gland  lying  behind  the  stomach. 
It  is  connected  with  the  intestines  by  means  of  a  short 
tube  and  pours,  on  the  average,  1^  pints  of  liquid  into  the 
intestines  every  day.     Another  gland  of  great  importance 

—  it  is  the  largest  gland  in  the  body  —  is  the  Uver. 

The  tube  from  the  pancreas  and  that  from  the  liver  join  before 
opening  into  the  intestines,  so  the  liver  pours  its  secretion  —  the  bile 

—  through  the  same  tube.  The  digestion  of  foods  is  completed  in 
the  small  intestine,  and  there,  for  the  first  time,  the  fats  are  acted 
upon  and  made  soluble,  or  changed  into  a  milky  emulsion  (see  §  184). 
Three  important  ferments  in  the  secretion  of  the  pancreas  are :  (1)  the 
starch-digesting  ferment,  which  completes  the  digestion  of  starch; 
(2)  the  ferment  which  digests  fats ;  and  (3)  the  ferment  which  com- 
pletes the  digestion  of  the  proteids,  or  the  nitrogenous  foods,  such  as 
lean  meat  and  eggs. 

The  liquid  in  the  intestines  is  called  chyle  (kll).  Is  it  not  wonderful 
that  our  bodies  are  provided  with  all  these  ferments,  so  that  each  class 
of  food  has  its  own  ferment,  which  is  ready  to  digest  that  one  food  and 
no  other? 
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The  liver  not  only  secretes  the  bile,  but  has  two  other  important 
duties.  One  of  these  is  to  store  a  starch-like  substance  which  can 
easily  be  changed  to  sugar  whenever  the  body  needs  food.  The  liver 
also  helps  to  remove  from  the  blood  the  waste  nitrogen  compounds 
formed  by  the  destruction  of  the  cells  (see  §  383). 

371.  What  Should  Our  Diet  Be?  — How  and  what 
should  we  eat?  As  we  have  learned  before  (see  §  188), 
the  body  needs  certain  qualities  and  quantities  of  food. 
Just  as  the  automobile  will  not  run  smoothly  on  a  low 
grade  of  gasoline,  so  the  body  will  not  thrive  on  poor  food. 
The  study  of  the  diet  is  a  science  called  dietetics.  Experts 
in  this  science  plan  '^  balanced  rations,''  so  that  every 
element  of  food  is  present  in  the  proper  amounts.  Every 
housewife  should  know  something  of  this  science,  too ; 
otherwise  she  will  have  hard  work  in  keeping  her  family 
well  and  in  the  most  efficient  condition  (see  §  213).  The 
digestive  tract  is  well  adapted  to  the  digestion  of  good 
food  taken  in  the  proper  amount,  but  it  is  not  built  to 
digest  everything  we  may  give  it,  and  it  cannot  work  all 
the  time  and  retain  its  power.  When  we  have  indiges- 
tion, it  is  usually  because  we  have  been  careless  about 
what  we  ate,  or  when  we  ate,  or  because  we  have  eaten 
too  much.  Ought  we  to  blame  our  digestive  organs  for 
the  result  ? 

372.  Is  Alcohol  a  Food?  —  What  is  a  food?  Science 
says  it  is  a  substance  which  can  be  oxidized  in  our  bodies 
so  as  to  give  us  energy,  and  which  at  the  same  time  does 
not  injure  our  body  cells.  Are  all  of  these  facts  true  of 
alcohol  ? 

A  little  alcohol^  it  is  true,  can  be  oxidized  in  the  body, 
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and  in  that  case  gives  us  energy,  but  this  is  not  true  of 
the  amount  of  alcohol  which  men  consume  when  they 
drink  alcohoUc  liquors.  The  quantity  of  alcohol  present, 
even  in  those  liquors  which  are  supposed  to  have  only  a 
small  amount,  such  as  Ught  wine  and  beer,  is  too  much 
for  the  safety  of  the  men  who  drink  these  Uquors.  The 
drinker's  cells  are  injured,  even  if  he  is  only  a  "  mod- 
erate "  drinker,  especially  the  delicate  nerve  cells,  which 
direct  the  organs  of  the  body.  .  Would  you  think  it  wise 
to  injure  the  engineer  of  a  train,  or  the  captain  of  a  ship? 
No,  because  upon  his  efficiency  and  wisdom  the  safety 
of  all.  the  passengers  depends.  Yet  alcohol  injures  the 
organs  that  direct  the  body,  the  brain,  and  other  nerve 
centers.  So  alcohol  cannot  be  called  a  food,  for  it  injures 
our  body  cells. 

Do  you  think  the  drinker  really  wants  alcoholic  liquors  for  their 
food  value?  Or  is  it  because  the  taste  and  effect  of  liquor  have  be- 
come a  strong  habit  with  him? 

Did  you  know  that  many  patent  medicines  contain  a  great  deal  of 
alcohol,  and  that  we  are  in  danger  of  alcoholic  effects  if  we  take 
them? 

373.  Exercises.  —  1.  Why  do  foods  have  to  go  through  the  great 
length  of  the  digestive  tract?    Why  can  they  not  be  absorbed  at  once? 

2.  Why  is  a  cow's  digestive  tract  longer  than  a  man's? 

3.  Is  the  digestion  of  any  kind  of  food  completed  in  the  stomach? 
Might  the  stomach  of  a  person  be  removed,  and  the  rest  of  the  digestive 
tract  digest  all  the  food? 

4.  Why  should  a  child's  first  teeth  be  cared  for,  even  if  the  second 
set  is  soon  to  take  their  place? 

5.  Is  it  a  good  thing  to  chill  the  teeth  suddenly  with  very  cold  ice 
cream? 
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6.  Is  it  a  good  thing  to  try  to  bite  hard  candy  or  nuts  with  the 
teeth?    Why? 

7.  Where  are  the  fats  of  our  food  digested?  The  starch?  The 
proteids? 

8.  What  is  the  value  of  a  vegetable  salad  in  a  dinner? 

9.  Why  can  we  not  consider  alcohol  a  food? 

Summary.  —  The  digestive  tract  is  a  tube  about  30  feet  long  in  an 
adult.    It  is  lined  with  mucous  membrane. 

Glands  take  digestive  liquids  from  the  blood  and  store  them  for 
the  digestion  of  the  food. 

In  the  mouth  food  is  broken  into  small  fragments  and  mixed  with 
the  saliva. 

The  "  milk  teeth  "  are  20  in  number ;  the  permanent  teeth,  32. 

Food  is  swallowed  by  the  contraction  of  muscles  of  the  throat  and 
esophagus.    Three  sets  of  muscles  act  upon  food  in  the  stomach. 

The  glands  of  the  stomach  secrete  the  gastric  juice ;  this  has  an 
add  reaction,  and  contains  the  ferments  pepsin  and  rennin. 

Food  leaves  the  stomach  through  the  pylorus,  the  gateway  into  the 
small  intestine.  In  the  small  intestine  the  digestion  of  all  three  classes 
of  foods :  carbohydrates,  fats,  and  proteids,  is  completed.  A  special 
ferment  is  pro\aded  for  each.  The  juices  containing  these  ferments 
are  secreted  by  the  liver  and  pancreas.  Digestion  in  the  intestine 
takes  place  under  alkaline  conditions. 

The  digested  food  of  the  small  intestine  is  absorbed  through  the 
villi,  and  then  poured  into  the  blood  for  transportation  to  the  cells. 

Dietetics  is  the  science  of  the  diet.  The  body  needs  food  of  the 
right  quality  and  in  the  right  quantity. 

Alcohol  cannot  be  called  a  food,  because  it  has  the  effects  of  a 
poison.  If  patent  medicines  contain  alcohol,  they  are  as  bad  as  Uquors 
themselves. 


CHAPTER  XXXVII 

HOW  THE  BLOOD  IS  CIRCULATED 

374.  What  is  the  Use  of  Blood  ?  — What  have  we 
learned  thus  far  about  the  body?  We  have  learned  its 
general  plan,  have  we  not,  and  that  it  has  a  bony  frame- 
work, to  which  its  muscles  and  its  soft  organs  are  at- 
tached, and  by  which  they  are  protected  ?  We  have  also 
learned  that  all  the  living  material  of  the  body  is  com- 
posed of  cells,  and  that  the  cells  work  together,  each  doing 
its  share  for  the  good  of  all.  Then,  finally,  we  have 
learned  how  our  food  is  prepared  for  the  use  of  the  cells 
by  the  process  of  digestion.  But  how  can  the  food  get 
to  the  cells?  Can  the  cells  of  the  brain,  or  the  lungs, 
or  the  muscles,  go  to* the  digestive  tract  for  their  food? 
Of  course  not ;  only  when  the  food  is  actually  inside  the 
blood  channels  can  it  get  to  the  cells.  We  have  learned 
how  the  villi  of  the  small  intestine  absorb  the  digested 
food,  so  that  it  can  be  transferred  to  the  blood.  Can 
you  see  now  that  what  we  call  the  '^  circulation  of  the 
blood''  is  also  the  "circulation  of  the  food"?  The 
taking  up  of  the  food  by  the  cells  is  the  last  operation  of 
digestion ;  we  call  it  assimilation. 

There  is  another  use  of  the  blood  system.  What  can  the  cells  do 
with  their  waste  products;  the  materials  they  have  no  further  use  for, 
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and  must  get  rid  of?  They  turn  these  materials  over  to  the  blood. 
So  the  blood  is  also  the  great  sewer  of  the  body. 

Is  there  a  third  need  of  the  blood  system?  Do  the  cells  in  the  skin 
remain  as  warm  as  the  cells  inside  the  body?  You  know  they  do  not ; 
in  cold  weather  they  become  much  colder,  and  need  heat  from  the  in- 
side of  the  body.  They  get  this  heat  from  the  warm  blood  that  bathes 
them.  The  blood  thus  regulates  the  body's  temperature,  so  that  the 
outside  cells  are  kept  warm ;  it  also  sees  to  it  that  the  inside  cells  do 
not  get  too  warm. 

The  blood  is  carried  throughout  the  body  in  tubes;  these  tubes, 
with  the  heart  and  the  blood  itself ,  make  up  the  circulatory  system. 
About  tV  of  the  weight  of  the  body  is  blood.  How  much  does  your 
blood  weigh?  If  we  examine  the  blood  with  a  microscope,  we  learn 
that  the  blood  is  made  up  of  flat  disks  which  are  red,  and  are  called 
red  corpuscles,  of  colorless,  round  bodies  called  white  corpuscles  (see 
§  353),  and  of  a  liquid  called  the  plasma. 

376.  What  are  Red  Corpuscles  For?  —  The  red  cor- 
puscles (Fig.  273)  make  up  about  45%  of  the  weight  of 
the  blood.  What  is  the 
weight  of  the  red  corpuscles 
in  your  body?  Each  cor- 
puscle,-when  it  is  examined 
under  the  microscope,  is 
found  to  be  a  rounded  plate, 
somewhat  like  a  coin  with 
rounded  edges.  The  center 
of  the  plate  is  thinner  than 
the  edges.  Each  corpuscle, 
looked  at  alone,  has  a  yellow 
color ;  but  as  they  are  usually  in  groups,  one  over  another 
like  coins  in  a  stack,  the  group  appears  to  be  red. 
Each  tiny  plate  contains  a  substance  called  hemoglobin 


Red 


White 


Fig.  273.  —  Corpuscles  of  the 
blood,  greatly  magnified.  The  white 
corpuscles  are  the  larger,  and  re- 
semble the  ameba. 
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(he'mo-glob'In).  This  is  a  very  active  substance,  and 
unites  easily  with  oxygen  to  form  a  new  substance  called 
oxyhemoglobin.  How  is  this  word  made  ?  The  red  cor- 
puscle is  then  carried  along  in  the  blood  stream  to  the 
cells  of  the  body,  and  gives  up  its  oxygen  to  the  cells. 
Thus  the  cells  get  their  oxygen  in  convenient  packages 
without  having  to  go  to  the  lungs  for  it.  After  the  red 
corpuscle  loses  its  oxygen  it  appears  dark  red  or  purpUsh. 
Bright  red  blood  is  rich  in  oxygen. 

376.  What  is  the  Work  of  White  Corpuscles?  — 
White  corpuscles  are  not  as  numerous  as  the  red,  but 
they  are  much  larger.  They  are  one-celled  bodies  much 
like  the  ameba  (see  §  353),  and  have  the  power  to  move 
about  much  as  the  ameba  has.  They  can  go  through 
the  walls  of  the  small  blood  vessels,  and  so  get  between  the 
body's  cells.  They  are  the  body's  policemen,  or  soldiers, 
and  attack  and  kill  disease  germs  in  the  blood  and  in  the 
tissues.  When  the  skin  is  broken  by  an  injury,  white 
corpuscles  gather  at  that  point,  and  form  a  protecting 
wall,  to  prevent  germs  from  entering  the  body  through 
the  break. 

377.  How  is  Bleeding  Stopped?  —  We  see  that  the 
blood  is  made  up  of  solid  bodies  floating  in  a  liquid,  the 
plasma.  As  we  should  expect,  most  of  the  plasma  is 
water.  However,  it  contains,  in  solution,  mineral  matter 
and  nutritive  substances  which  go  out  into  the  tissues 
to  feed  the  cells.  The  plasma  is  slightly  alkaline  (basic) 
in  reaction  (what  does  this  mean?)  and  salty  in  taste. 
The  carbon  dioxide  given  off  by  the  cells  is  dissolved  in 
it,  and  then  given  off  in  the  lungs  (see  §  387).     Suppose 
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that  when  you  cut  your  finger,  there  was  no  way  of 
stopping  the  flow  of  blood  before  a  large  quantity  of  the 
precious  fluid  leaked  away.  But,  fortunately,  when 
blood  is  exposed  to  the  air,  it  forms  clots,  which  close 
the  wound,  and  prevent  a  great  loss  of  blood.  Of  course 
if  a  large  blood  vessel  is  cut,  the  blood  flows  out  too 
rapidly  to  form  a  clot,  and  other  means  must  be  used  to 
stop  the  loss  of  blood. 

How  does  the  blood  form  a  clot?  There  is  in  it  a  wonderful  sub- 
stance called  fibrinogen  (f[-brIn'o-j6n),  meaning  "  fibrin-former." 
This  becomes  solid  when  exposed  to  the  air  and  forms  interlacing 
strings,  or  fibers,  of  fibrin.  The  blood  is  caught  in  the  meshes  of  the 
fibrin,  so  that  the  corpuscles  are  able  to  hold  on.  The  process  by 
which  a  clot  is  formed  is  called  coagulation  (co'&g-u-la'shtin)  of  the 
blood.  We  can  help  coagulation  along  by  placing  a  little  absorbent 
cotton  in  a  wound ;  the  fibers  of  the  cotton  hasten  the  formation  of 
the  fibrin  and  help  to  hold  the  clot  in  place. 

378.  How  Does  the  Heart  Pump  the  Blood  ?  —  The 

blood  is  interesting  enough,  if  you  think  of  it  only  at  rest, 
but  it  is  more  interesting  still,  if  you  think  how  it  is 
pumped  through  the  body.  What  is  the  pump  of  the 
blood?  The  heart,  of  course.  Blood  flows  through  a 
system  of  tubes  which  are  called,  according  to  their  size 
and  the  direction  they  are  going  (that  is,  whether  toward, 
or  from,  the  heart),  capillaries,  veins,  and  arteries.  Which 
of  these  are  the  smallest?  To  enable  the  blood  to  flow 
freely  through  these  tubes  to  every  part  of  the  body, 
force  must  be  exerted.  The  heart,  although  only  the  size 
of  your  fist,  is  made  of  powerful  muscles  which  can  fur- 
nish the  required  force.    A  protective  membrane  surrounds 
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the  heart ;  this  has  two  walls,  between  which  there  is  a 
liquid  that  makes  the  friction  of  the  heart  in  its  move- 
ments as  small  as  possible.    Why?     (See  §  281).    Inside 

the  strong  muscular  walls  of  the 
heart,  there  are  four  cavities. 
These  cavities  are  called  the 
right  ventricle,  right  auricle,  left 
ventricle,  and  left  auricle  (see 
Fig.  274). 


How  can  the  heart  keep  the  blood 
flo^dng  in  one  direction?  In  the  first 
place,  the  right  and  left  cavities  of  the 
heart  are  absolutely  separate,  and  there 
is  no  opening  that  allows  blood  from 
one  side  to  enter  the  other  side.  Blood 
coming  back  from  a  circuit  of  the  body 
enters  the  right  auricle,  from  which  it 
goes  into  the  right  ventricle.  A  valve 
then  closes  the  opening  between  the 
auricle  and  the  ventricle,  so  that  the 
blood  stream  cannot  "  back  up."    By 


Blood 
from  Bod 


Right  Ventricle 


Left 
VcDtricle 


Fig.  274.  —  The  heart  and  its 
four  chambers.  Note  that  blood 
is  brought  in  by  veins.  Note 
also  the  valves  opening  from 
the  auricles  into  the  ventricles, 
but  not  the  reverse,  and  from 
ventricles  into  arteries. 


the  contraction  of  the  right  ventricle, 
the  blood  is  forced  into  tubes  which  carry  it  to  the  Itings  to  be  oxi- 
dized. The  blood  coming  back  from  the  lungs  enters  the  left  auricle, 
and  then  goes  into  the  left  ventricle.  Here  again  there  is  a  valve 
which  keeps  the  blood  from  flowing  back  into  the  auricle.  From  the 
left  ventricle  the  blood  is  forced  out  into  tubes  which  distribute  it 
throughout  the  body  (Fig.  275). 

The  heart  lies  in  the  chest,  almost  surrounded  by  the  lungs.  The 
smaller  end  is  to  the  left  of  the  breast  bone.  The  beating  of  the  heart 
is  caused  by  the  contracting  of  its  muscular  walls.  When  these  con- 
tract, the  blood  is  sent  out  with  a  pressure  that  forces  it  forward; 
when  they  relax,  another  quantity  of  blood  flows  in,  and  fills  the  heart. 
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Remember  that  the  heart  must  keep  up  this  steady  beating  all  of  our 
lives.     The  heart  of  an  infant  beats  about  120  times  each  minute ; 
a  child  14  years  of  age  has  about  85 
heart  beats  per  minute ;  the  adult  has 
70  or  80. 

379.  How  Do  Arteries  Differ 
from  Veins  ?  —  The  tubes  cany- 
ing  blood  from  the  heart  are 
called  arteries.  The  large  artery 
going  from  the  right  ventricle  to 
the  lungs  is  the  lung  artery.  It  j 
carries  dark  blood  which  needs 
to  be  oxidized.  The  blood  comes 
back  from  the  lungs  bright-red 
in  color.  It  is  carried  back  by 
the  lung  vein.  All  tubes  bring- 
ing blood  into  the  heart  are 
called  veins, 

A  large  artery  leaves  the  left 
ventricle  (see  Fig.  274) ;  it  is 
called  the  aorta  (a-or'ta).  -  It 
branches  soon  after  leaving  the 
heart.  One  branch  goes  to  the  the  course  of  tiie^blood  ti 
head,  andsupplies  the  cells  there ;  £*£' •Ir^'^Jri;."'' 
the  other  branch  furnishes  the 

trunk  and  legs  with  blood.  After  the  large  branches  have 
divided  many  tim^,  and  the  blood  has  passed  through  the 
smallest  blood  vessels,  the  capillaries,  it  is  collected  in  the 
veins,  and  enters  the  right  auricle  in  two  large  veins  :  one 
from  the  head,  and  one  from  the  lower  parts  of  the  body. 


FiQ.  275.  ^  Diagram  ahowing    , 
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Because  the  arteries  carry  outgoing  blood,  which  is  forced  out  with 
pressure,  their  walls  have  to  be  strong.  They  are  made  of  three  layers, 
the  middle  one  of  which  is  muscular.  As  the  liquid  is  forced  into  the 
artery  at  each  heart  beat,  the  walls  of  the  artery  stretch.  After  the 
stream  decreases,  and  before  another  heart  beat  caoi  take  place,  these 
elastic  walls  of  the  arteries  contract  again.  This  expansion  and  con- 
traction after  each  beat  may  be  felt  as  the  pulse.  Arteries  which  lie 
near  the  skin,  such  as  the  one  at  the  wrist,  are  convenient  for  taking  a 
pulse  reading.    What  is  the  rate  at  which  your  pulse  beats? 

The  veins  which  gather  up  the  blood  after  it  has  gone  from  the 
heart  through  the  body  and  lungs  contain  blood  which  is  under  only 
a  feeble  pressure.  For  that  reason  the  walls  do  not  need  to  be  so 
thick  as  those  of  the  arteries.  They  are  also  less  elastic.  The  pres- 
sure in  the  veins  is  great  enough,  however,  to  force  the  blood  back  to 
the  heart.  Some  veins  are  aided  in  their  work  by  being  placed  so 
that  the  muscles  of  the  body  compress  them,  and  force  the  blood  for- 
ward. Valves  are  located  along  such  veins,  to  prevent  the  blood  from 
being  forced  away  from  the  heart.  Exercise,  which  causes  certain 
muscles  to  contract  rapidly,  and  thus  to  press  against  the  veins  near 
them,  has  an  important  part  in  helping  the  circulation. 

380.  Does  an  Artery  Bleed  Like  a  Vein  ?  —  Have  you 
ever  cut  into  an  artery  in  your  hand  or  foot?  If  you 
have,  you  must  have  noticed  that  the  blood  spurts  from 
the  wound  in  jets,  instead  of  bleeding  in  a  steady  stream. 
Why  ?  How  can  you  stop  the  bleeding,  so  as  to  give  the 
blood  time  to  form  a  protecting  clot?  Remember  that 
in  an  artery  the  blood  is  coming  from  the  heart.  You 
must,  therefore,  force  the  walls  of  the  blood  vessel  together 
somewhere  between  the  wound  and  the  heart. 

Suppose  it  is  a  vein  that  is  bleeding  badly,  where  ought 
you  to  pinch  it  ?  Since  the  vein  is  carrying  blood  to  the 
heart,  the  proper  thing  to  do  is  to  close  the  vein  before 
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the  blood  reaches  the  wound,  that  is,  on  the  side  of  the 
wound  which  is  farther  from  the  heart.    , 

Do  you  know  how  to  prepare  the  "  first  aid  "  bandage  for  a  badly 
bleeding  wound?  It  is  called  a  tourniquet  (tCir'nl-kfit ;  Fig.  276). 
Every  boy  scout  learns  to  use  his 
handkerchief  for  this  purpose. 
Fold  the  handkerchief  diagonally, 
and  tie  a  knot  in  the  middle  of 
th/e  handkerchief.  Then  tie  the 
ends  firmly  together  around  the 
arm,  leaving  a  loose  loop,  put  the 
middle  knot  over  the  blood  vessel, 
and  put  a  small  stick  in  the  loop. 
By  turning  the  stick  in  a  circle, 
twist  the  loop  of  the  handker- 
chief, until  the  knot  presses  hard 
against  the  blood  vessel,  and  closes 
it.  Someone  should  close  the 
blood  vessel  with  his  fingers  while 
the  handkerchief  is  .  being  pre- 
pared. 


Fig.  276.  —  A  tourniquet.  The 
handkerchief  is  tied  loosely  about  the 
arm,  and  a  lever  (a  stick)  is  used  to 
twist  the  loose  loop,  so  as  to  force 
the  knot  against  the  injured  blood 
vessel. 


381.  What  are  the  Capillaries?  —  Are  capillaries  veins 
or  arteries?  They  may  be  looked  upon  as  the  smallest 
veins  and  also  as  the  smallest  arteries.  The  walls  of 
the  arteries,  while  well  developed  for  their  use,  are  too 
thick  to  permit  the  food  and  gases  to  pass  through  into 
the  tissues.  The  arteries  divide  again  and  again,  forming 
a  network  of  tiny  *'  capillary  ''  tubes  about  tbW  of  an 
inch  in  diameter.  The  walls  of  these  tubes  are  thin.  In 
the  lungs,  carbon  dioxide  can  pass  through  the  walls  of 
the  capillaries  into  the  lung  cells,  and  oxygen  from  the 
lungs  passes  into  the  capillaries.    Along  the  digestive 
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tract  food  passes  into  the  capillaries,  and  the  glands  take 
the  juices  they  need  from  capillaries.  The  white  cor- 
puscles and  food  leave  the  capillaries  to  enter  the  tissues. 
Capillaries  are  found  everywhere  in  the  body.  Even  the 
tiniest  prick  which  goes  through  the  outer  skin  will  punc- 
ture a  capillary. 

3iB2.  How  Does  the  Food  Get  to  the  Cells?  — We 
have  thought  of  food  and  gases  as  passing  directly  from 
the  capillaries  to  the  cells,  as  though  the  blood  of  the 
capillaries  bathed  the  walls  of  the  cells.  Strictly  speaking, 
this  is  not  so.  The  cells  are  really  surrounded  by  a  color- 
less liquid  called  the  lymph,  and  the  exchange  between 
capillaries  and  cells  is  through  this  liquid.  The  oxygen 
and  food  from  the  blood  go  into  the  lymph.  The  cell 
takes  what  it  needs,  and  gives  back  carbon  dioxide  and 
waste  material.  Then  the  capillaries  receive  these  things 
from  the  lymph. 

Is  this  lymph  another  kind  of  blood  ?  It  is  made  up  of  the  plasma 
and  white  corpuscles,  and  water,  which  have  left  the  blood  vessels. 
After  circulating  about  among  the  cells,  the  lymph  collects  in  tubes 
and  is  poured  back  into  the  blood.  So  you  see  it  is  really  a  part  of 
the  blood,  without  the  red  corpuscles. 

There  is  no  pumping  organ  for  the  l3anph  system ;  it  depends  upon 
the  pressure  of  the  body  organs  and  muscles,  much  as  some  of  the 
veins  do.    As  a  result  it  circulates  very  slowly. 

383.  How  Does  the  Blood  Get  Rid  of  Cell  Wastes  ?  — 

When  glands  take  certain  things  from  the  blood,  and  pour 
them  into  the  digestive  tract  to  aid  digestion,  they  are 
said  to  secrete  these  things  (see  §  363) .    When  glands  and 
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cells  give  off  something  which  should  be  removed  from 
the  body,  the  process  is  called  excretion.  The  cells  ex- 
Crete  carbon  dioxide  and  certain  minerals,  as  well  as  com- 
pounds called  uric  (yu'rik)  acid  and  urea  (yu're-S). 
These  are  the  main  excretions  of  the  body,  with  the  ex- 
ception of  the  solid  particles  of  the  food  which  are  not 
digested  in  the  digestive  tract.  Most  of  the  carbon 
dioxide  is  removed  when  the  blood  is  in  the  lungs.  The 
other  waste  materials  are  in  solution,  and  the  blood  is 
freed  from  them  as  it  passes  through  the  kidneys.  These 
are  two  bean-shaped  organs,  situated  in  the  abdomen; 
they  are  attached,  one  on  each  side,  to  the  backbone. 
The  wastes  collected  by  the  kidneys  are  stored  in  the 
bladder,  imtil  they  are  expelled  from  the  body.  The 
skin  (see  §§71  and  392)  is  another  means  of  getting  rid 
of  the  waste  material  of  the  cells. 

384.  Exercises.  —  1.  Why  do  we  divide  the  circulation  into  body 
circulation  and  lung  circulation?    What  happens  in  each? 

2.  What  part  of  the  heart  pumps  the  blood  to  each  kind  of  cir- 
culation?   What  part  of  the  heart  receives  the  blood  from  each? 

3.  Why  does  the  heart  beat  more  rapidly  when  we  are  exercising 
the  muscles?  Do  the  contracting  muscles  help  in  the  circulation  of 
the  blood?    How? 

4.  Suppose  that  the  heart  had  only  one  compartment,  and  that 
it  had  the  power  of  contracting  and  relaxing  as  now,  could  there  be 
a  circulation  of  the  blood?  Would  it  be  rapid?  Would  the  blood 
travel  in  any  one  direction? 

5.  Review  §  135,  especially  the  valves  of  the  force  pump.  Does 
the  heart  have  valves  corresponding  to  the  "  cylinder  valve  "  and  the 
"discharge  valve"?  How  do  these  help  the  blood  to  go  in  one 
direction? 

6.  How  does  a  dog  cool  itself  when  it  is  hot?    Explain. 


484  JUNIOR  SCIENCE 

7.  Which  class  of  blood  vessels  has  the  thickest  walls?  Which 
compartments  of  the  heart,  the  auricles,  or  the  ventricles,  need  the 
thickest  walls?    Why? 

8.  When  a  boy  or  girl  is  growing  very  rapidly,  the  heart  may  not 
grow  in  proportion.  What  effect  do  you  think  too  severe  exercise 
will  have  upon  the  heart  at  such  a  time? 

9.  What  bodies  in  the  blood  carry  oxygen  to  the  cells?  Do  they 
carry  it  as  gas  bubbles,  or  dissolved  in  the  water  of  the  blood,  or  com- 
bined with  some  substance  in  the  blood? 

Simmmiy.  —  The  blood  is  the  circulating  liquid  of  the  body.  It 
carries  oxygen  and  food  to  the  cells,  and  waste  materials  away  from 
the  cells.    It  also  regulates  the  temperature  of  the  body. 

Blood  consists  of  a  colorless  hquid  (plasma)  with  solid  bodies  (cor- 
puscles) floating  in  it.    It  coagulates,  or  dots,  on  exposure  to  the  air. 

The  oigans  of  circulation  are  the  heart,  arteries,  veins,  capillaries, 
and  lymph  spaces. 

The  heart  has  2  auricles  and  2  ventricles. 

Auricles  receive  blood  into  the  heart ;  ventricles  force  blood  away 
from  the  heart. 

.  Veins  carry  blood  to  the  heart ;  arteries  carry  blood  away  from  the 
heart.  Capillaries  carry  blood  from  the  arteries,  through  the  tissues, 
and  back  to  the  veins. 

When  an  artery  is  cut,  the  bleeding  should  be  stopped  by  a  tour- 
niquet placed  between  the  wound  and  the  heart.  In  the  case  of  a 
vein  the  tourniquet  should  be  on  the  side  of  the  wound  away  from  the 
heart. 

The  cells  are  bathed  in  a  liquid  —  the  lymph —  which  is  much  like 
blood,  but  has  no  red  corpuscles. 

The  waste  materials  of  the  cells  are  removed  from  the  blood  (ex- 
creted) by  the  skin  and  the  kidnejrs. 


CHAPTER  XXXVIII 

RESPIRATION 

.  386.  How  Do  Animals  Breathe  ?  —  Do  plants  breathe  ? 
Review  §  300  to  recall  the  way  in  which  the  green  cells 
of  the  leaf  are  open  to  the  air  which  enters  through  the 
stomata.  Do  any  animals  breathe  without  lungs?  As 
you  think  of  the  question,  you  will  decide  that  if  such 
lowly  creatures  as  the  ameba  and  the  simpler  animals 
breathe  at  all,  they  must  get  oxygen  through  their  cell 
walls,  and  not  in  a  special  breathing  apparatus.  Even 
in  an  animal  so  complex  as  the  earthworm,  there  is  no 
special  organ  for  breathing,  but  respiration  is  carried  on 
only  through  the  cells  of  the  skin.  In  most  higher  ani- 
mals, particularly  water  animals,  the  skin  is  still  used  as  a 
help  in  respiration,  although  there  are  breathing  organs 
(gills  or  lungs)  to  do  most  of  the  work  (see  §  46).  There 
must  be  some  way  of  putting  oxygen  into  the  circulating 
fluid,  and  of  taking  carbon  dioxide  out  of  it. 

Do  you  know  the  two  giU  coverings  at  the  sides  of  the 
head  of  our  ordinary  fishes,  and  the  '*  arches  ''  with  pink 
"  fringe ''  that  make  up  the  gills  (Fig.  277)  ?  In  the 
tadpole,  or  polUwogy  stage  of  the  frog,  the  gills  are  easy 
to  see ;  but  as  the  tadpole  becomes  an  adult  frog,  it  de- 
velops lungs,  and  must  come  to  the  water's  surface  every 
little  while  for  air.     Do  you  remember  that  the  mosquito 
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wiggler  has  breathing  tubes,  and  must  come  to  the  water 
smiace?  See  §  350.  The  adult  mosquito  and  other 
insects  also  get  their  air  supply  through  breathing  tubes. 

What  is  the  difference  between  gills  and  lungs?    One  difference 
is  that  gills  are  really  outside  of  the  body  cavity,  and  are  bathed  in 

the  water  in  which  the  creature  lives. 
The  gills  take  up  some  of  the  oxygen 
that  is  dissolved  in  the  water,  and  give 
off  the  waste  carbon  dioxide  to  the 
water.  In  lungs  we  have  a  large  sur- 
face of  breathing  cells  in  a  cavity  inside 
the  body  and  the  air  enters  only  as  a 
gas.  But  the  air  must  be  moist,  or  the 
delicate  lung  cells  will  be  injured  (see 
§  52). 

In  Chapter  VII  we  learned  something 
of  how  we  breathe.  We  take  in  air,  because  the  muscles  of  the  chest 
relax,  and  the  chest  cavity  becomes  larger.  As  the  cavity  grows 
larger,  the  air  pressure  in  the  lungs  is  less  than  it  is  outside  of  the 
body;  therefore  air  rushes  in  from  outside,  and  we  say  we  have  in- 
spired, or  inhaled. 


Fig.  277.  —  The  gills  of  a  fish, 
with  the  gill  cover  removed. 


386.  How  Does  Inhaled  Air  Get  to  the  Lungs?  — 

Through  what  passage  must  the  air  go  first  on  its  way 
to  the  lungs?  Of  course  through  the  nose.  Like  all 
the  other  tubes  through  which  the  air  goes,  the  nostrils 
are  lined  with  mucous  membrane  (see  §  363).  Because 
of  the  length  of  the  nose  passage,  there  is  a  large  surface 
of  membrane.  The  membrane  always  has  on  it  a  con- 
siderable amount  of  liquid  mucus.  This  moistens  the 
passage,  and  catches  dust  particles,  preventing  them 
from  going  to  the  lungs.     Cilia  (sfl'i-a),  small,  thread- 
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like  extensions  of  the  cells,  are  found  in  all  the  tubes  of 
the  breathing  organs.  They  act  like  tiny  brushes,  and 
protect  the  lungs  by  sweeping  back  the  dust  particles. 

A  second  reason  for  nose  breathing  is  that  the  air  we 
inhale  is  warmed  in  passing  through  the  nose.  •Ought 
we,  then,  to  breathe  through  our  mouths? 

Trace  the  passage  of  air  from  the  nose  to  the  lungs.  The  nose 
passages  open  into  the  'phaiynx,  or  throat,  the  same  compartment 
into  which  food  passes  from  the  mouth.  But  while  the  food  goes  into 
the  esophagus,  the  air  goes  through  the  laiynz  (lar'Iqks),  or  voice  box, 
into  the  windpipe,  or  trachea  (trak'e-S,).  The  lid  which  covers  the 
larynx  while  food  is  being  swallowed  is  called  the  epiglottis  (ep'I-gl6t'Is). 
The  epiglottis  does  not  go  up  and  down  like  a  real  box  lid,  but  it 
remains  in  its  place,  and  the  larynx  is  drawn  up  against  it  to  close  the 
passage  into  the  windpipe.  When  swallowing  is  over,  the  larynx 
drops  down  a  little  way,  and  allows  breathing  to  go  on.  Feel  the 
larjmx,  or  "  Adam's  apple,''  in  your  throat  rise  when  you  swallow. 

If  the  .laiynz  could  not  be  closed,  food  would  enter  the  windpipe, 
and  cause  us  to  choke.  Does  this  ever  happen?  What  do  we  mean 
by  saying  that  food  has  gone  down  our  "Sunday  throat"?  The 
larynx  is  a  box  made  of  pieces  of  cartilage. 

The  trachea,  or  windpipe,  is  a  tube  about  4 J  inches  long,  and  about 
1  inch  in  diamteer.  It  is  composed  of  about  20  pieces  of  cartilage, 
bent  around  in  the  shape  of  a  letter  C.  The  pieces  are  held  together 
by  tough  connective  tissue.  At  its  lower  end  the  trachea  is  divided 
into  two  tubes,  called  bronchi  (brSn'ki).  One  of  them  goes  to  each 
lung.  The  bronchi  divide  and  subdivide  a  countless  number  of  times 
to  form  bronchial  tubes.  The  smallest  of  these  tubes  end  in  the  air 
cells  of  the  lungs. 

387.  What  are  the  Lungs  Like?  —  Have  you  ever 
seen  the  lungs  of  a  chicken?  They  are  two  organs  of 
pink,  spongy  tissue.    The  tissue  is  a  mass  of  air  sacs  and 
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air  tubes.     It  is  pink  from  the  network  of  capillaries, 
through  which  the  blood  flows.    Our  lungs  are  much 

like  the  chick- 
en's, except  that 
they  are  larger 
(Fig.  278). 

Each  lung  is 
surrounded  by  a 
sac  of  connective 
tissue  to  protect 
it.  If  the  sac  be- 
comes inflamed, 
the  disease  is 
called  pleurisy 
(plur '!-s!) .  The  heart  lies  between  the  two  lung  sacs  (see 
§  378) .  The  lungs,  as  we  should  expect,  are  elastic,  like 
a  sponge.  While  they  are  compressed  when  we  exhale 
air,  they  expand  rapidly  when  we  inhale  it. 


Fig.  278.  —  Lungs  and  air  sacs  of  a  bird. 


The  lungs  are  the  meeting  place  of  air  and  blood.  The  total  sur- 
face of  their  air  sacs  and  tubes  is  probably  2000  square  feet  in  a  grown 
person,  so  that  a  great  deal  of  blood  is  furnished  with  oxygen  at  one 
time.  A  room  20  feet  wide  would  need  to  be  how  many  feet  long  to 
have  a  floor  area  of  2000  square  feet? 

Did  you  know  that  the  breathing  organs  of  flying  birds  are  even 
larger  in  proportion  than  our  own  ?  The  birds  have  air  sacs  in  various 
parts  of  the  body,  and  even  inside  of  some  of  the  hollow  bones.  How 
does  this  help  the  exchange  of  oxygen  and  carbon  dioxide?  How  do 
the  hollow  bones,  filled  with  air,  affect  the  density  of  the  bird's  body? 
Such  birds  breathe  much  more  rapidly  than  we  do,  and  their  heart 
beats  more  rapidly,  too.  Their  body  temperature  may  reach  110**  F. 
What  is  ours? 
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388.  What  is  the  Voice?  —  We  have  learned  that  the 
boxlike  organ,  through  which  the  air  passes  in  going 
from  the  throat  to  the  windpipe,  is  called  the  larynx. 
It  contains  the  organs  of  the  voice,  the  vocal  cords  (see 
§  265).     These  cords  are  two  strips  of  tough  connective 
tissue  (Fig.  279), 
stretched  between 
the    cartilage    of 
the  larynx.    They 
leave  a  V-shaped 

OPeninC      between  Vhca  Pmhiunf  Sowut  Ounni  QumI  BnathSni 

them  when  they 
are  at  rest,  but 
they  have  muscles,  which  draw  them  closer  together,  and 
stretch  them,  when  we  speak  or  sing.  Air,  passing  these 
tight  cords  as  it  goes  through  the  larynx,  makes  them 
vibrate  like  tuning  forks  or  other  sounding  bodies  (see 
§  265).  The  vibrations  produce  sounds.  The  loudness 
of  the  sound  depends  upon  the  amount  of  air  you  force 
past  the  vocal  cords.  When  you  shout,  what  kind  of 
breath  do  you  take? 

The  highnesB,  or  lowness  Qpitch),  of  a  vocal  sound  depends  upon  the 
tength  and  thickness  of  the  cords.  The  more  tightly  the  cords  are 
drawn,  the  shorter  they  become.  Short  cords  can  vibrate  a  peater 
number  of  times  per  minute  than  the  long  cords.  Thus,  when  the 
cords  are  short,  the  pitch  is  high.  When  the  cords  are  long,  the  pitch 
is  low.  As.  a  man  ha^  a  larger  larynx  than  a  woman,  his  cords  are 
longer  and  larger  than  hers.  Therefore  he  cannot  make  his  cords 
as  short  as  she  can  hers.  As  a  result,  he  has  a  lower  voice  than  a 
woman  has  (see  §  268). 

The  qutdiQr  of  a  voice,  which  enables  us  to  distinguish  one  person 
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from  another,  is  due  to  the  peculiar  way  in  which  each  person  uses 
his  air  passages,  as  well  as  the  shape  of  the  air  passages  themselves 
(see  §  269).  We  form  the  sounds  of  letters  by  changing  the  shape  or 
position  of  the  mouth,  tongue,  and  lips.  Vowels  (a,  e,  i,  o,  u,  and  y) 
are  the  sounds  which  are  more  purely  vocal,  or  voice,  sounds,  and  are 
less  changed  by  the  lips  and  mouth  than  the  consonants.  When  we 
whisper,  the  vocal  cords  are  drawn  together  as  for  sounds  made  with 
the  voice,  but  not  taut  enough  to  vibrate  and  produce  voice. 

389.  Do  the  Organs  of  Respiration  Need  Care?  — 

We  have  already  learned  (see  §§52  and  54)  some  of  the 
things  we  should  do,  and  should  not  do,  if  we  wish  to 
keep  our  breathing  organs  in  good  condition.  The 
harmful  germs  of  the  air  reach  us  chiefly  through  the 
breathing  organs.  If  these  organs  are  in  good  health, 
so  that  fresh  air  can  reach  every  part  of  them,  they 
are  usually  able  to  protect  themselves  and  the  body ;  but 
if  they  are  not  strong,  or  are  weakened  by  neglect  and 
abuse,  serious  diseases  may  attack  us.  When  you  recall 
(see  §  204)  how  easily  molds  and  bacteria  multiply  in 
warm,  moist  food,  you  will  understand  that  the  breathing 
passages  and  lungs,  which  are  also  warm  and  moist,  may 
be  good  breeding  places  for  germs  of  certain  diseases. 
We  should  see  to  it  that  we  always  have  fresh,  clean, 
moist  air  to  breathe,  and  that  the  lungs  get  sufficient 
exercise. 

If  we  ought  to  breathe  air  free  from  dust,  and  containing  as  little 
as  possible  of  gases  that  are  not  in  pure  air,  what  do  you  think  of  the 
practice  of  smoking  tobacco?  Will  the  inhaled  smoke  and  the  gases 
produced  by  the  slowly  burning  tobacco  be  likely  to  help,  or  injure, 
the  delicate  tissues  of  the  throat  and  lungs? 

Physicians  tell  us  that  the  habit  of  drinking  alcoholic  liquors  weakens 
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the  lungs ;  so  that  the  drinker  is  more  likely  to  catch  lung  diseases  than 
one  who  abstains  from  liquor. 

What  do  you  think  of  the  practice  of  wearing  tight  clothing  and  a 
tight  belt?  Do  you  think  that  a  person  can  breathe  correctly,  if  the 
abdomen  is  compressed,  and  its  organs,  and  those  of  the  chest,  are 
forced  out  of  place  ? 

Do  you  think  that  a  cold  is  only  a  harmless  discomfort,  and  does 
not  need  any  special  attention?  We  must  remember  that  colds  are 
dangerous,  because  they  lower  the  power  of  the  throat  and  lungs  to 
resist  disease,  and  make  it  easy  for  harmful  germs  to  attack  us. 
Breathing  deeply  of  fresh  air,  if  we  have  been  chilled,  will  often  bring 
a  warm  glow  to  the  skin,  and  work  off  a  cold. 

390.   What  is  the  Structure  of  the  Skin?—  Does  the 
skin  form  a  part  of  our  respiratory  system?     Review 
§  385  for  the  action  of  the  skin  in  the  lowest  animals. 
Yet  even  in  our  own 
bodies,  the  skin  assists 
the  lungs  and  kidneys 
in  getting  rid  of  the 
waste  of  the  cells  (see 
§383),  and  it  is  the 
regulator,  along  with 
the  lungs  and  blood, 
of  the  body's  tempera- 
ture   (see    §§  71,  374, 
and  392). 

Review  §  341  for  the 
description  of  an  ani- 
mal skin.     Our    own 

skin  has  a  amilar  Struc-         ^o.  280.  —  The  structure  of  the  skin.    Not* 
/TT         n.r.n\         mL         ''^  '■'"■"^  layers,  especially  the  eomplei  nature 
ture    (Fig.   280).      The     ot  the  dermis,  or  true  sldn. 
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outside  layer  is  the  epidermiS;  or  cutide  (kut'I-kl).  This 
has  neither  nerves  nor  blood  vessels,  but  protects  the  true 
skin,  or  dermis,  which  is  beneath  it.  The  outer  surface 
of  the  epidermis  is  being  worn  oflf  constantly  (why  ?) ; 
but  its  lower  cells  are  in  contact  with  lymph,  and  so 
get  food  for  forming  new  cells.  Where  the  skin  is  put 
to  rough  use,  as  in  the  palms  of  the  hands,  a  thick  layer 
of  epidermis,  called  a  callus,  is  formed. 

The  dermis  is  thicker  than  the  epidermis,  and  is  made 
up  of  strong  fibers  of  comiective  tissue,  together  with 
blood  vessels  and  nerves.  On  its  surface  are  little  ele- 
vations, some  of  which  contain  the  bodies  that  bring 
about  our  sense  of  touch  and  of  temperature  (see  §  404). 

The  color  of  the  skin  is  due  partly  to  the  blood,  which  shows  through 
the  capiUaries,  and  partly  to  the  coloring  matter  in  the  lower  layers  of 
the  cells  of  the  epidermis.  Tan  and  freckles  are  caused  by  larger 
amounts  of  coloring  matter,  formed  by  the  action  of  sun  and  wind 
(see  §  240).    A  layer  of  fat  is  found  under  the  dermis. 

In  the  lower  part  of  the  dermis  are  the  sweat  glands.  These  are 
partly  coiled  tubes,  which  take  from  the  blood  the  liquid  we  call 
perspiration,  and  then  pour  it  out  upon  the  skin  (see  §  71).  The 
sweat  glands  are  under  the  control  of  our  nervous  system  (see  Chapter 
XXXIX),  and  pour  out  only  a  little  perspiration  when  we  are  cool, 
but  a  great  deal  when  the  body  is  hot  and  needs  to  be  cooled. 

391.  How  Do  the  Hair  and  NaUs  Grow?  — Do  the 

hair  and  nails  look  like  skin  ?  Although  they  differ  from 
skin  in  appearance,  they  are  really  special  forms  of  the 
epidermis,  produced  to  protect  the  skin  (Fig.  281). 

A  hair  is  a  very  small  tube  which  grows  in  a  pocket  of 
the  dermis.  The  part  projecting  from  the  skin,  like  the 
epidermis  itself,  has  neither  blood  nor  nerves.    Near 
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Fio.  281.  —  A  nail,  a 
special  form  of  the  epi- 
dennis,  growing  out  of  the 
dermis. 


each  hair  there  is  an  oH  gland,  which  secretes  an  oil  for 
the  softening  of  the  hair  and  the  skin  near  it.  Do  you 
know  what  it  is  that  causes  "  goose 
flesh''  and  makes  your  hair  ''stand 
on  end''?  It  is  tiny  muscles  in 
the  pockets  from  which  hairs  grow. 

The  nails  are  plates  of  very  tough 
epidermis.  Like  the  hair,  they  grow 
out  of  the  dermis  by  the  constant 
formation  of  new  cells.  Do  their 
outer  ends  have  blood  or  nerves?  What  causes  their 
pink  color  ?  What  are  the  roots  of  the  nails  ?  What  is 
the  use  of  the  nails  ? 

392.  What  is  the  Work  of  the  Skin?  — We  have 
already  learned  many  of  the  uses  of  the  skin  (see  §§  383 
and  390).  It  is  a  wonderful  covering  for  the  body,  pro- 
tecting the  cells  that  are  inside  from  injuries,  and  from 
the  germs  of  disease  which  are  in  the  air.  The  skin  also 
contains  the  nerves  which  give  us  the  sense  of  touch. 

The  skin'  acts  like  a  delicate  instrument  for  controlling  the  tempera- 
ture of  the  body.  If  we  are  warm,  the  blood  rushes  to  the  skin,  and 
the  sweat  glands  pour  out  an  abundance  of  the  perspiration.  If  the 
body  becomes  cold,  the  blood  vessels  near  the  skin  become  smaller, 
and  less  blood  comes  near  the  surface  of  the  bod>.  Thus  the  body 
loses  less  heat.  In  some  forms  of  fever  the  temperature  of  the  body 
is  higher  than  it  should  be,  yet  we  have  chills.  Why  is  this?  The 
reason  is  that  the  blood  vessels  near  the  skin  remain  closed,  and  we 
have  the  same  sensation  as  if  we  were  in  a  cold  room. 


393.  What  is  the  Value  of  Bathing?  —  Review  §  183. 
Are  not  the  dead  skin,  the  material  left  by  the  evapora- 
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tion  of  the  perspiration,  and  the  dust  and  smoke  and 
bacteria  which  attach  themselves  to  our  bodies,  reasons 
enough  for  bathing  the  skin  often? 

The  best  sort  of  bath  for  cleaning  the  skin  is  a  hot 
bath,  but  it  should  be  taken  at  night,  if  possible,  espe- 
cially in  winter.  If  it  is  taken  in  the  daytime,  it  should 
be  followed  by  a  cold  shower  bath,  or  a  dash  of  cold 
water,  so  that  we  may  not  ''  catch  ''  cold.  In  the  morn- 
ing, especially  in  cold  weather,  a  cold  bath  is  the  best. 
The  cold  water  gives  the  body  a  shock,  and  the  blood  is 
driven  inward  from  the  skin,  by  the  closing  of  the  blood 
vessels  near  the  skin.  But  after  a  vigorous  rubbing 
with  a  rough  towel,  the  ''  reaction  ''  comes,  and  the 
skin  glows  as  the  blood  reenters  it.  A  cold  sponge  bath 
is  excellent,  if  one  cannot  endure  the  shock  of  plunging 
into  a  tub  of  cold  water.  It  should  be  followed  by 
vigorous  rubbing  with  a  rough  towel. 

394.  Exercises.  —  1.  Why  must  an  earthworm  come  out  of  the 
ground  in  a  heavy  rain? 

2.  Trace  the  course  of  food  to  the  stomach  and  of  air  to  the  lungs. 
Where  do  these  paths  cross? 

3.  What  two  cavities  are  separated  by  the  diaphragm?  Is  the 
diaphragm  a  muscle?    What  is  its  work? 

4.  What  is  the  scientific  reason  why  you  should  remain  in  bed 
when  you  have  a  bad  cold? 

5.  Why  does  it  not  cause  you  pain  to  cut  off  a  hair?  Why  does  it 
hurt  to  pull  one  out?. 

6.  Do  you  think  that  the  body  can  preserve  its  heat  best  by  having 
a  great  deal  of  blood  in  the  skin,  or  by  withdrawing  blood  from  the 
skin?  Why  then  is  it  not  best  to  take  a  hot  bath  just  before  going 
out  on  a  cold  day? 
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7.  What  do  you  think  causes  the  color  of  hair? 

8.  What  skin  structures  form  our  finger  prints?  Why  can  they 
be  used  to  identify  a  person? 

9.  Give  the  reasons  why  you  should  breathe  through  the  nose,  and 
not  the  mouth. 

Summary.  —  Respiration  brings  oxygen  to  the  cells,  and  takes 
away  the  carbon  dioxide  given  off  by  the  cells. 

The  lowest  animals  respire  through  the  cell  wall  or  through  the  skin. 

Water  animals  breathe  through  gills,  by  which  dissolved  oxygen  is 
taken  out  of  the  water.  Land  animals  have  Itmgs,  consisting  of  spongy 
tissue  full  of  air  tubes  and  air  cells,  as  well  as  blood  capillaries. 

The  air  passages  are  the  nasal  passages,  throat,  larynx,  windpipe, 
and  bronchial  tubes. 

The  vocal  cords  are  in  the  larynx.  In  speaking  and  singing  we  use 
the  throat,  teeth,  lips,  and  nose,  as  well  as  the  vocal  cords. 

Colds,  tobacco,  alcohol,  and  tight  clothing  are  likely  to  injure  the 
air  passages  or  lungs. 

The  skin  consists  of  the  epidermis,  dermis,  and  fat.  Out  of  the 
dermis  grow  hair  and  nails.  It  has  oil  glands  and  sweat  glands,  as 
well  as  the  nerves  of  touch. 

Bathing  removes  dead  skin,  waste  material  brought  out  by  the 
perspiration,  dust,  and  bacteria. 


CHAPTER  XXXIX 

SENSES  AND  HABITS 

396.  How  Can  Our  Organs  Work  Together  ?  —  Is  our 

body  like  a  clock,  made  up  of  many  interesting  parts, 
and  needing  only  to  be  wound  up  from  time  to  time  to 
keep  it  going?  Or  is  it  more  like  an  automobile,  which 
needs  constant  adjustment  of  gasoline,  air  supply,  steer- 
ing gear,  brakes,  lubricators,  and  spark  plugs,  in  order 
that  it  may  run  properly?  You  will  agree  that  it  is 
more  like  the  automobile.  But  will  the  automobile  run 
itself?  Must  there  not  be  a  driver  in  control  to  make 
all  the  adjustments  as  they  are  needed?  Does  the  body 
have  a  driver,  or  expert,  in  control  of  its  delicate  mech- 
anism? Of  course  it  does:  the  mind.  So  the  auto- 
mobile needs  a  driver,  but  the  driver  needs  a  mind.  We 
cannot  tell  just  where  the  mind  is ;  we  know  only  the 
organs  through  which  it  acts.  We  ordinarily  call  the 
brain  the  organ  of  the  mind.  There  is  a  sense  in  which 
not  merely  the  brain,  but  the  whole  system  through 
which  each  part  of  the  body  knows  when  to  begin  acting, 
and  when  to  stop,  is  the  organ  of  the  mind.  This  system 
is  called  the  nerve  system,  or  nervous  system. 

What  cells  of  the  body  are  the  messengers  which  tell  the  mind 
what  is  needed  by  the  body,  and  then  carry  the  proper  order  back  to 
the  body?    There  is  a  special  kind  of  cells  for  this  purpose;   they 
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axe  called  nerve  cells  (Fig.  282).  Do  these  need  to  travel  to  the  mind 
with  their  message,  as  the  red  corpuscles  must  travel  to  the  cells  with 
oxygen?      No,  there 


,  is  a  chain  of  cells,  and 

the    message     leaps 


from  one  link  to  the 
next,  until  it  is  re- 
ceived by  that  organ 

of  the  nervous  system      ,    ^.«-  f^.-A  nerve   ceU.     The   enlargfed   part. 
.  "^  looking  like  an  ameba,  is  the  ceU  body;  the  long, 

which  IS  able  to  send     slender  part  is  the  nerve  fiber. 

back  the  answer. 

A  nerve  cell  consists  of  an  enlarged  portion,,  called  the  cell  body, 
and  a  long,  slender  portion,  which  is  called  the  nerve  fiber.  The  out- 
side of  the  cell  body  is  usually  gray,  and  the  outside  of  the  fiber,  white. 
What  we  call  a  nerve  is  a  bundle  of  the  long,  slender  nerve  fibers  be- 
longing to  several  nerve  cells. 

396.  What  is  the  Work  of  the  Brain?  —  Suppose  you 
go  to  a  bank  employing  a  large  number  of  men,  to  make 
a  request  or  to  ask  for  information ;  will  you  go  directly 
to  the  office  of  the  president?  Not  if  the  bank  is  prop- 
erly organized.  You  will  be  met  at  the  door  by  the 
doorkeeper  or  a  messenger,  and  he  may  be  able  to  answer 
your  question,  or  to  grant  your  request,  without  your 
having  to  ask  anyone  else.  But  he  may  be  obUged  to 
ask  a  clerk,  and  the  clerk  may  have  to  ask  the  chief  clerk, 
and  the  chief  clerk  may'  need  to  go  to  the  cashier  or  vice- 
president.  Possibly  he  may  need  to  send  you  to  the 
president  himself.  Why  does  the  business  have  such  an 
organization?  Is  it  not  because  those  who  are  at  the 
head  of  the  business  need  their  time  for  their  special 
work,  and  if  they  were  consulted  about  everything  that 
was  brought  to  the  bank,  they  would  have  no  time  left 
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for  managing  the  business  ?  But  note  this  fact :  while 
a  great  many  things  can  be  done  without  the  knowledge 
of  the  president,  a  good  organization  has  ways  by  which 
an  occurrence,  even  though  small,  which  needs  the  at- 
tention of  the  president  can  get  to  him  at  once. 

Do  you  realize  that  some  such  organization  as  this  exists  in  the 
body?  At  the  head  of  the  nerve  syMtem  is  the  bruin,  which  is  especially 
the  organ  of  the  mind ;  but  the  body  does  so  many  things  that  need 
not  go  to  the  mind,  that  our  minds  never  know  of  them  at  all.  But 
if  anything  unusual  happens,  or  something  goes  wrong,  and  the  mind 
needs  to  know  of  it,  the  message  can  go  directly  to  the  highest  part 
of  the  brain,  just  as  a  request  made  at  the  door  of  the  bank  can,  if 
necessary,  go  directly  to  the  president  himself. 

397.   What   is    the   Brain   Like?     We   have    ah'eady 

learned  of  the  hard  case,  or  skuU,  which  protects  the 

brain    (see    §  358).     If 

you  could  look  at  the 

brain  inside  your  skull 

(Fig.    283),   you  would 

see  a  rounded  mass  of 

grayish  material  having 

in  it  a  number  of  folds. 

There    is   a  deep    dent 

from  front  to  back.   This 

upper,  rounded  part  of 

the  brain  is  called  the 

cerebrum  (s6r'6-brtim).    Back  of  the  cerebrum,  and  below 

it,  at  what  we  call  the  "  base  of  the  brain,"  is  the  cere- 

belliun  {sSr'e-beriim),  or  "little  brain."     In  front  of  the 

cerebellum,  and  below  it,  like  a  large  knob  at  the  top  of 


SENSES  AND  HABITS  499 

the  spinal  cord,  is  the  bulb.  Another  part  of  the  brain, 
in  front  of  the  cerebellum,  is  called  the  pons,  or  '^  bridge/' 
This  connects  the  other  three  parts  of  the  brain.  When 
a  man  is  full  grown  his  brain  weighs  from  3  to  4  pounds. 

Why  is  the  cerebrum  gray?  Because  of  the  nerve  cells  on  its  sur- 
face (see  §  395).  It  has  been  estimated  that  there  are  over  1,000,000,000 
of  them  in  an  adult  person.  The  inside  of  the  cerebrum  is  white,  be- 
cause of  the  nerve  fibers  it  contains  (see  §  395).  Through  the  cerebrum 
we  get  the  sensations  of  heat,  light,  sound,  touch,  taste,  and  the  like, 
and  are  able  to  use  our  muscles  when  we  wish.  Nerves  like  the  nerve 
of  sight  (see  §  252),  and  the  nerve  of  hearing  (see  §  266),  go  directly 
from  the  organ  (that  is,  the  eye  and  ear,  respectively)  to  the  cerebrum 
and  back  to  the  organ,  without  passing  through  the  other  parts  of  the 
brain  or  the  spinal  cord.  A  healthy  cerebrum  is  necessary  for  intelli- 
gence and  judgment.  Without  it  we  should  be  likely  to  starve,  even  if 
food  were  set  before  us,  for  we  should  not  know  enough  to  eat. 

The  cerebellum  has  special  control  of  our  movements.  It  makes 
the  muscles  contract  properly  and  in  pairs,  so  that  we  can  move  in  an 
orderly  way. 

398.  What  is  the  Spinal  Cord  Like?  — What  is  the 
backbone,  or  spinal  column,  for  (review  §  358)  ?  It  is 
for  the  attachment. of  the  rest  of  the  body's  framework, 
is  it  not?  But  it  has  also  the  duty  of  protecting  the 
spinal  cord,  which  is  inside  it.  In  an  adult  the  cord 
passes  through  the  upper  20  of  the  24  vertebrae  of  the 
spinal  column.  At  its  top,  the  cord  is  enlarged  to  form 
the  btdb,  which  is  inside  the  skull,  and  is  a  part  of  the 
brain.  The  lower  end  of  the  cord  branches  out  into  large 
nerves  which  go  to  the  hips  and  lower  limbs. 

The  spinal  cord  is  white  on  the  outside,  from  the  cov- 
ering of  the  nerve  fibers,  and  gray  on  the  inside.    Is 
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this  true  of  the  cerebrum?    A  cutting  across  the  cord 
would  look  like  capital  H. 

399.  How  are  the  Internal  Organs  Controlled?  — 
How  does  the  stomach  get  gastric  juice  when  we  begin 
to  eat?  Does  the  juice  just  flow  of  its  own  accord,  or 
must  it  be  ordered  to  flow?  We  have  learned  that  the 
body  is  organized,  and  that  its  parts  are  directed  through 
the  nervous  system.  The  glands  that  secrete  gastric 
juice  must  get  their  orders  from  some  nerve  center,  such 
as  the  spinal  cord  or  bulb,  before  they  can  go  to  work. 
But  the  mind  need  not  order  the  flow  of  gastric  juice,  for 
this  can  be  performed  by  the  lower  parts  of  the  nerve 
system  just  as  well.  So  the  message  is  turned  back 
in  the  spinal  cord  or  bulb,  and  the  gastric  glands  get 
word  to  secrete  the  needed  juice.  But  suppose  the 
stomach  is  injured.  Then  the  messages  it  sends  along 
the  nerves  are  so  unusual  that  they  go  right  on,  past  the 
spinal  cord  and  bulb,  to  the  cerebrum,  and  we  feel  pain. 

We  call  the  brain  and  spinal  cord,  with  the  great  nerve  groups 
directly  connected  with  them,  the  central  nervous  system.  The 
brain  and  cord  act  like  "  Central  "  of  a  telephone  system.  Whenever 
one  organ  wishes  another  to  perform  its  function,  it  sends  the  message 
to  the  central  system.  The  proper  part  of  this  system  sends  back 
the  message  to  the  muscles  or  glands  that  are  to  do  the  thing  required 

In  addition  to  the  central  nervous  system,  the  body  has  a  branch 
which  is  called  the  sjrmpathetic  system,  and  which  aids  the  central 
system  in  controlling  the  important  organs  of  digestion  and  respira- 
tion.    It  also  controls  the  skin. 

400.  What  is  Voluntary  Action?  —  What  does  vol- 
untary action  mean?  .  It  means  action  that  we  will  to 
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do,  does  it  not  ?  When  we  see  an  apple  hanging  from  a 
tree,  and  decide  that  we  want  it,  the  cerebrum  directs 
the  muscles  of  the  arm  to  get  it.  If  this  is  not  enough, 
the  cerebrum  directs  other  muscles  to  act,  so  that  we  stand 
on  tiptoe  and  stretch  the  body  to  its  greatest  height,  in 
our  effort  to  get  the  apple.  The  muscles  that  can  act 
in  this  way  are  called  voltmtary  muscles.  We  cannot  stop 
the  muscles  in  the  esophagus  from  pushmg  food  down 
into  the  stomach,  nor  can  we  control  the  muscles  of  the 
stomach  or  the  heart  by  willing  to  do  so ;  these  are  in- 
voltmtary  muscles,  and  the  movements  they  produce  are 
involuntary  movements.  Involimtary  action  is  also 
called  reflex  action. 

What  causes  blushing?  Can  you  control  the  rushing 
of  blood  to  your  face,  so  that  you  will  not  blush?  The 
skin  and  the  blood  vessels  that  are  in  it  (see  §  390)  are 
partly  under  control  of  the  sympathetic  system  (see  §  399) . 
Suppose  someone  pays  you  an  unexpected  compliment 
(or  insult).  The  tmusual  act  so  upsets  you  that  your 
sympathetic  system  loses  control  of  the  blood  vessels, 
and  the  blood  rushes  into  them,  until  the  skin  is  red  and 
hot.  But  in  a  moment  the  blood  vessels  are  again  under 
control,  and  grow  smaller,  so  that  only  the  usual  amount 
of  blood  can  go  into  the  skin. 

A  good  illustration  of  involuntary,  or  reflex,  action  is  seen  when 
you  unexpectedly  bring  your  finger  into  a  flame,  or  against  a  hot. 
stove*  You  jerk  the  finger  away  before  you  feel  pain.  Why  is  this 
true?  In  order  that  your  mind  may  know  that  an  object  is  too  hot, 
the  message  of  pain  must  get  to  the  cerebrum;  but  the  lower  part 
of  the  nervous  system  gets  word  that  something  is  wrong  before  the 


502  JUNIOR  SCIENCE 

brain  does,  and  sends  the  message  to  the  muscles  of  your  arm  to  con- 
tract. If  a  fly  alights  upon  a  dog  that  is  asleep,  does  he  not  try  to 
remove  the  intruder  even  in  his  sleep?  Is  this  voluntary,  or  reflex, 
action? 

401.  Why  are  So  Many  Actions  Reflex  ?  —  Why  is  it 
that  when  we  have  a  cerebrum,  through  which  the  mind 
can  work,  we  do  so  many  things  without  the  order  of  the 
brain?  All  the  organs  of  digestion,  respiration,  and  cir- 
culation carry  on  their  usual  acts  without  our  knowing  it. 
These  are  acts  inside  the  body.  But  there  are  a  great 
many  outside  actions  that  are  reflex,  too.  Do  you  have 
to  make  your  eyelids  wink  ?  No,  this  is  an  act  that  does 
not  usually  need  the  will.  In  fact  it  is  hard  for  you  to 
keep  them  from  winking.  The  eyes  need  cleaning,  and 
we  might  forget  to  clean  them,  if  the  operation  were  left 
to  our  cerebrum  to  attend  to. 

You  can  see  why  so  many  acts  are  reflex.  It  is  so 
that  the  brain  may  be  left  free  from  the  ordinary  duties 
of  the  body,  and  may  have  time  for  the  unusual  work 
which  no  other  part  of  the  nerve  system  can  do.  Learn- 
ing, thinking,  remembering  belong  to  the  cerebrum  alone. 

Are  there  any  acts  which  once  required  the  full  eflFort 
of  your  mind,  but  which  you  now  do  without  thinking? 
Of  course  there  are.  How  about  walking,  skating, 
writing,  which  were  so  hard  to  learn?  Or  turning  down 
a  certain  street  to  your  house?  After  you  have  done 
these  a  great  many  times,  you  do  them  almost,  or  quite, 
without  thinking.  In  fact,  when  you  are  changed  from 
one  room  to  another  in  school,  you  turn  involuntarily, 
unless  you  ''  catch  "  yourself,  into  the  old  room  the  first 
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day  or  two  after  the  change.  Watch  your  acts,  and  see 
how  many  of  them  are  really  reflex.  These  reflex  acts 
that  you  learned  to  do,  are  called  acquired  reflexes. 
What  does  this  mean?    We  also  call  them  habits. 

402.  Can  We  Make  and  Break  Habits?  —  You  can 
see  that  those  things  we  learn  to  do  so  well  that  they  be- 
come habits  with  us,  like  the  reflex  actions  that  are  en- 
tirely natural,  are  a  great  saving  of  effort,  and  spare  the 
cerebrum  an  enormous  amount  of  work.  It  is  thus  left 
free  to  learn  new  things.  If  we  "  set  our  mind  "  to  do 
an  act,  we  can  usually  master  it,  until  it  becomes  almost 
"  second  nature,"  or  a  habit.  So  if  we  have  will  power, 
we  can  choose  what  our  habits  shall  be.  Do  you  see  the 
danger  there  is  in  this  freedom  to  choose  ?  We  can  make 
bad  habits,  too,  can  we  not,  and  so  break  up  our  good 
ones?  Bad  habits,  like  good  ones,  become  easier  and 
easier ;  if  we  do  not  break  them,  they  master  us.  It  is 
in  this  way  that  man  can  do  so  much  for  his  success  or 
failure.  Having  the  will  always  to  make  a  good  habit 
to  take  the  place  of  a  bad  one,  will  help  us  to  forget  the 
bad  one,  and  to  be  free  from  it. 

403.  Why  Should  We  Control  Ourselves  ?  —  How  we 
admire  a  person  who  has  perfect  control  of  his  body; 
whose  eye  is  clear,  whose  arm  is  steady,  whose  movement 
is  sure,  whether  on  the  athletic  field,  or  in  running  a 
machine,  in  sailing  a  yacht,  or  in  knowing  just  what  to 
do  in  an  accident !  Do  we  not  really  admire  even  more 
a  person  who  has  control  over  his  temper,  who  looks  on 
the  bright  side  of  things,  who  does  not  go  into  tantrums, 
who  does  not  give  up  a  hard  task  without  a  struggle,  who 
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thinks  twice  before  he  speaks,  who  is  considerate  of 
persons  older  and  weaker  than  himself? 

Do  the  great  athletes  have  the  control  over  their  bodies  from  their 
childhood,  or  must  they  leam  it?  You  know  how  hard  men  work  to 
train  themselveB  to  be  "stars"  in  athletics.  Has  the  person  you 
recognize  as  a  great  musician  risen  to  his  position  without  effort? 
No,  it  is  necessary  for  such  a  person  to  work  hard  to  get  his  wonderful 
power.  So  it  is  with  good  nerve  habits.  They  are  not  always  easy 
to  leam.    Are  they  not  worth  the  effort? 

404.  What   are    Otir    Senses?  —  How   do   we   know 

about  the  world  around  us?     It  is  through  some  of  our 

senses,  is  it  not?    We  have  eyes  to  recognize  light  and  its 

effect  upon  objects,  ears  to  be  set  in  vibration  by  the  air 

movements  which  make  up  our  sounds,  delicate  touch 

cells  in  the  skin,  to  enable  the  mind  to  judge  about  the 

shape,  size,  temperature,  and  weight  of 

objects,  and  along  the  two  channels  by 

which  air  and  food  enter  the  body  we 

have  the  sentinels  of  smell  and  taste,  to 

help  us  to  distinguish  the  good  from  the 

bad,  and  so  to  protect  the  lun^  and  the 

digestive  tract  from  harm. 

We  have  already  learned  about  the 

wonderful  oi^ns  of  sight  (see  §  252)  and 

of  hearing  (see  §  266).     The  sense  of 

touch  is  in  the  skin  and  the  tongue. 

'"toi^it^'*°"  "*""''    ®"^"  elevations  contain  touch  corpuscles 

(Fig.  284),  which  in  their  turn  contain 

ends  of  the  nerve  fibers.     When  we  touch  an  object,  the 

change  in  pressure  excites  the  nerve  fiber  to  carry  a  mes- 
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sage  to  the  cerebrum.  We  have  to  decide  by  our  judg- 
ment whether  the  object  is  smooth  or  rough,  large  or 
small,  hot  or  cold,  hard  or  soft,  according  to  what  the 
cerebrum  learns  from  the  nerve  cells.  Watch  a  blind 
person,  and  see  how  carefully  he  examines  a  new  object. 
Do  our  eyes  help  our  touch  corpuscles,  if  we  look  at  the 
object,  as  well  as  feel  of  it? 

Is  the  sense  of  touch  equally  good  everywhere?  By  no  means. 
Some  regions  of  the  body  have  many  more  touch  corpuscles  in  a  given 
area  than  others.  One  way  to  test  how  sensitive  a  given  region  is, 
is  to  use  a  pair  of  dividers,  or  two  pins  stuck  through  a  piece  of  card- 
board. The  tongue  can  feel  that  there  are  two  points,  when  they  are 
only  ^  of  an  inch  apart ;  the  finger  tips,  when  they  are  A  inch  apart. 
The  touch  corpuscles  of  the  back,  however,  report  to  the  brain  that 
there  is  only  one  point  there,  even  if  the  two  points  are  IJ  or  2  inches 
apart. 

405.  How  Do  We  Smell  and  Taste  ?  —  In  what  con- 
dition must  a  substance  be,  in  order  that  we  can  smell  it  ? 

You  can  realize  that  it  must  n.,.,  c^^jty 

be  a  gas,  and  must  pass  into 

the  nose  along  with  the  air 

we  inhale.    We  call  the  cells        ceiia  ^  _ 

having  the  sensitive  ends  of     Naii^cavhy    ^'^,\"^  '''*»  ^"'" 

the  nerves  of  smell ,  the  Olf aC-  Fig.  285.  —  The  cells  of  smell.  con- 

tOry   (61-fak'to-ri)   cells    (Fig.      necting  the  nasal   cavity   with   the 

285).     You  know  how  acute 

the  sense  of  smell  of  dogs  is ;  in  cats  this  sense  is  much 
less  developed.  Wild  animals  and  primitive  men  can 
easily  recognize  friends  or  foes  at  a  distance,  if  the  wind 
blows  the  odor  toward  them.     Civilized  man  has  largely 
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lost  the  power  to  use  this  sense,  except  as  he  smells  some- 
thing very  pleasaot  or  very  disagreeable. 

Taste  is  the  result  of  messages  carried  to  the  cerebrum 

by  nerves  in  the  tongue  (Fig.  286)  and  back  of  the  mouth. 

In  what  condition  must  a  substance  be,  in  order  that  it 

may  have  a  taste  ?     It  must  be  in  a  liquid  condition.     If 

it  is  not  liquid  when  we  take  it  into  the 

mouth,  the  saliva  dissolves  it.     If  the 

saliva  cannot  dissolve  a  substance,  it 

has  no  taste.     What   is   the  taste  of 

sand?     Of  a  silver  coin? 

The  taste  cells  can  recognize  sweet 
and  sour  tastes,  salty  and  bitter  tastes, 
and  combinations  of  these.  If  you  hold 
your  nose,  and  then  taste  of  some 
strong  food,  such  as  cheese  or  bacon, 
tong'ue  with  the  stru/-  the  tastc  wiU  sBcm  unuatural ;  because 
tures  cotitainiiiE  the    ^hat  we  Call  tastc  is  often  a  combination 

ends  of  the  nerves  of 

taste.  Of  what  other  of  taste  and  smcU.  In  fact,  some  very 
MgMi?  ^  "^"^  ^"  ■  strong  kinds  of  cheese  are  said  to  be 
pleasant  to  taste,  if  we  do  not  smell 
them  at  the  same  time.  We  can  develop  the  sense  of  taste 
greatly  by  practice.  Did  you  know  that  the  quality  of 
a  food,  coffee,  or  tea,  is  often  decided  by  a  professional 
"  taster,"  who  has  trained  his  taste  celts  for  the  purpose? 

406,   Exerdses. —  1.   Why  does  your  mouth  "water"  when  you 
gmeU  cooking  food? 

2.  Suppose  an  American  baby  were  brought  up  in  a  family  speak- 
ing only  French,  what  language  would  it  speak?     Why? 

3.  When  an  accident  occurs,  and  splinters  fly  toward  the  eye,  we 
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find  that  the  eyelids  close  before  the  splinter  reaches  them.    Is  this 
voluntary  action,  or  reflex  action? 

4.  When  a  grown  person  who  spoke  incorrect  EngUsh  in  his  youth 
becomes  excited,  he  often  forgets  his  correct  English,  and  speaks  in- 
correctly.   How  do  you  account  for  this? 

5.  Why  is  it  that  you  can  recall  a  fact  you  thought  you  had  for- 
gotten? 

6.  What  ways  have  you  found  successful  in  controlUng  your 
temper? 

7.  Why  can  you  learn  a  lesson  by  going  over  it  several  times? 

8.  How  is  the  nervous  system  like  a  telephone  system?  How 
unlike  it? 

9.  The  image  formed  on  the  retina  is  inverted  (see  §  246) ;  how 
do  we  know  that  the  object  is  right  side  up? 

10.  Telephone  poles  in  a  row  seem  to  grow  shorter  the  farther  they 
are  away ;  how  do  we  know  they  are  of  the  same  height? . 

11.  Why  does  a  spark  on  the  end  of  a  stick  which  is  being  turned 
rapidly  in  a  circle  look  like  a  ring  of  light? 

Summary.  —  The  parts  of  the  body  work  together  because  we 
have  a  nervous  system  to  organize  the  body's  work. 

Nerve  cells  consist  of  cell  bodies  and  nerye  fibers. 

The  brain  consists  of  a  large  number  of  nerve  cells.  Its  chief  parts 
are  called  cerebrum,  cerebellum,  bulb,  and  pons. 

The  spinal  cord  is  made  up  of  many  nerve  cells  protected  by  the 
backbone. 

The  sympathetic  system  assists  the  central  system. 

Voluntary  acts  are  controlled  by  the  cerebrum. 

Reflex  acts  do  not  require  the  cerebrum. 

Voluntary  acts,  which  have  become  involuntary  by  being  performed 
often,  are  called  habits. 

Habits  leave  the  cerebrum  free  to  learn  new  things.  They  can  be 
made,  or  broken,  by  the  will. 

Our  senses  are  hearing,  seeing,  feeling,  smelling,  tasting. 

Our  judgment  must  always  decide  what  the  messages  from  the  sense 
organs  mean. 


CHAPTER  XL 

SCIENCE  AND  THE  COMMUNITY 

407.  What  Has  Science  Taught  Us?  — Review  the 
preceding  chapters,  especially  Chapter  I.  We  have 
studied  many  things  about  our  earth,  have  we  not?  In 
Part  II  we  learned  about  the  atmosphere  and  the  phe- 
nomena of  fire,  breathing,  and  weather,  which  depend 
upon  it.  In  Part  III  we  studied  matter  and  energy  as 
they  show  themselves  in  the  heavenly  bodies,  and  in  the 
solid  and  liquid  materials  which  make  up  our  earth. 
Part  IV  was  a  study  of  the  way  in  which  science  is  applied 
in  our  homes,  in  the  processes  of  washing  and  cleaning, 
and  in  the  cooking  and  preserving  of  food.  In  Part  V 
we  had  the  story  of  the  wonderful  phenomena  of  elec- 
tricity, light,  and  sound,  and  of  simple  and  complex 
machines  by  means  of  which  man  has  harnessed  natural 
forces  to  do  his  work.  Part  VI  told  about  the  world 
of  plants  and  animals,  and  the  ways  in  which  they  help 
and  harm  us  as  we  try  to  get  our  livelihood.  Finally, 
Part  VII  was  an  account  of  the  plan  according  to  which 
our  bodies  are  built,  and  some  of  the  ways  of  keeping 
them  in  health. 

What  is  the  best  thing  you  have  gained  from  the  study 
of  science?  Has  it  been  the  many  new  facts  you  have 
learned?    Or  the  story  of  how  man  has  discovered  na- 
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ture,  and  made  use  of  the  knowledge  to  help  himself  to 
better  ways  of  living?  Or  the  way  in  which  you  can 
keep  yourself  in  health  and  strength?  Or  a  new  idea 
of  the  community  in  which  you  live,  and  what  your  duty 
to  the  community  is?  Probably  you  have  gained  some- 
thing of  each  of  these. 

If  you  have  thought  of  your  lessons  seriously,  you  have  realized 
how  many  things  there  are  still  to  learn,  and  you  have  probably  asked 
yourself  many  questions  for  which  you  have  not  yet  found  the  answer. 
The  important  thing  now  is  what  you  are  going  to  do  with  science  after 
you  have  "  passed  "  in  this  course.  Are  you  going  to  forget  it,  or  to 
use  it  daily,  and,  if  you  have  the  opportunity,  to  study  it  still  more 
deeply?  We  learned  in  Chapter  XXXIX  that  we  can  make  habits. 
One  of  these  is  the  habit  of  keeping  our  minds  alert  and  on  the  look- 
out for  new  knowledge.  We  call  this  habit  the  "  power  of  observa- 
tion '' ;  it  may  also  be  called  open-mindednQSS.  It  is  a  wonderful 
habit,  for  by  having  it  we  shall  not  only  learn  new  facts,  but  we  shall 
be  able  to  see  nature  in  larger  and  better  ways.  This  will  add  enor- 
mously to  our  enjoyment,  as  well  as  to  our  knowledge,  for  nature  is  a 
fascinating  teacher. 

408.  How  Can  Science  Help  a  Community  ?  —  What 
interests  do  the  people  of  a  community  have  in  common  ? 
They  all  need  air  and  sunshine,  do  they  not,  and  shelter 
from  the  weather?  They  all  need  food  and  clothing. 
They  all  need  to  be  protected  from  danger  of  disease. 
They  all  need  education  for  their  life  work,  and  recrea- 
tion to  rest  them  from  one  period  of  work,  and  to  prepare 
them  for  the  next.  Because  people  wish  these  things 
for  themselves  and  their  children,  we  have  schools,  fac- 
tories, stores,  Ubraries,  parks,  and  other  institutions. 
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Do  you  see  that  whether  you  wish  it  or  not,  you  are 
a  member  of  the  community  ?  The  community  educates 
you,  and  its  protection  is  aroimd  you  in  your  home,  on 
your  way  to  and  from  school,  and  at  play.  Its  protection 
makes  it  possible  for  your  parents  to  care  for  you  prop- 
erly. In  return  the  community  expects  you  to  obey 
certain  rules  of  conduct  and  to  give  your  best  thought 
to  the  good  of  the  community.     Is  not  this  fair? 

Which  person  can  give  more  to  the  community,  the  one  who  knows 
science,  or  the  one  who  does  not?  Which  would  do  his  work  better, 
if  he  were  a  mechanic?  Which  would  sell  cleaner  milk,  if  he  were  a 
milkman?  Which  would  keep  house  better,  the  woman  who  knows 
the  scientific  reasons  for  things,  or  the  one  who  must  do  all  her  work 
by  guess?  Which  would  be  the  more  intelligent  in  obeying  the  rules 
of  the  Board  of  Health  in  the  time  of  an  epidemic?  Which  would 
vote  more  intelligently  upon  the  obtaining  of  a  pure  water  supply, 
or  a  needed  park,  or  a  sanitary  school  building? 

409.   The   Community   of  the   Future.  —  In    §  5   we 

learned  some  of  the  ways  in  which  science  has  made 
modern  civilization  possible.  It  has  done  this  because 
of  the  many  new  tools  and  machines  it  has  given  us, 
and  the  many  new  means  of  earning  a  living  it  has  made 
possible.  But  even  greater  than  the  machines,  and  the 
articles  of  food,  comfort,  and  culture  that  have  come  to 
us,  are  the  new  ideas  which  science  has  brought.  In 
the  light  of  science  we  look  at  ourselves,  our  work,  and 
our  place  in  the  community,  in  a  new  way.  But  this  is 
not  all :  we  also  look  at  history,  language,  and  govern- 
ment in  a  new  way.  May  we  not  hope  that  the  day 
will  come  when  the  knowledge  of  scientific  truth  will 
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reach  all  the  members  of  all  the  communities  of  the 
earth,  both  of  those  we  call  backward,  as  well  as  of  those 
we  call  progressive  ?  When  it  does,  we  need  not  fear  for 
the  community  of  the  future. 

410.  Exercises.  —  1.  If  many  persons  are  forced  to  live  in  a  small 
tenement  house,  and  they  do  not  observe  sanitary  care,  what  will  be 
the  effect  upon  their  health  and  length  of  life?  What  is  the  duty  of 
the  community  in  such  a  case  ? 

2.  How  are  rats,  mice,  and  flies  dangerous  to  a  community? 

3.  Name  some  of  the  ways  in  which  the  city  might  be  made  more 
healthful  than  the  coimtry.  What  would  need  to  be  done  in  the  case 
of  the  city  in  which  you  live? 

4.  What  is  the  source  of  the  water  used  in  your  community?  Is 
the  water  ever  in  danger  of  being  contaminated  by  dangerous  bacteria? 
What  is  done  under  such  conditions? 

5.  What  is  the  source  of  the  ice  in  your  city?  Is  it  pure?  Is  it 
possible  for  poor  families  having  children  to  keep  milk  cool  in  summer? 
Why  is  this  necessary?    Review  §  340. 

6.  Which  housekeeper  makes  a  better  home  for  her  family,  the 
one  who  wipes  up  dust  with  a  damp  cloth,  or  the  one  who  uses  a  feather 
duster?  The  one  who  keeps  a  great  deal  of  bric-a-brac  upon  the  walls, 
or  the  one  who  keeps  little?  The  one  who  keeps  the  foot  mat  outside 
the  door  of  the  living  room,  or  the  one  who  keeps  it  inside  ?  The  one 
who  uses  a  carpet  sweeper  or  vacuum  cleaner,  or  the  one  who  uses  a 
broom  to  remove  dirt? 

7.  What  is  the  method  of  delivering  milk  and  collecting  milk 
bottles  in  your  city?  Is  it  sanitary?  Are  all  the  empty  milk  bottles 
washed  by  the  housekeeper  before  they  are  collected?  Why  should 
this  be  done,  in  the  interest  of  the  city's  health  ? 

8.  Watch  the  way  in  which  garbage  is  collected  in  your  city.  Is 
it  done  in  the  best  way?  How  could  it  be  improved?  Could  the 
housekeeper  do  her  part  better?  What  is  done  with  the  garbage  in 
your  city ;  that  is,  is  it  burned,  or  buried,  or  how  is  it  disposed  of? 
What  is  done  with  the  waste  paper  of  the  city?    Has  this  any  value? 
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9.  Are  any  of  the  bakeries  of  your  city  located  in  cellars?  Do 
you  think  this  is  best  for  the  city's  health,  generally  speaking?  How 
is  bread  handled  while  it  is  being  taken  from  the  bakery  to  the  store 
in  which  it  is  sold?  What  is  the  advantage  of  a  wrapper  on  bread 
loaves? 

10.  Why  should  the  rooms  of  a  house  get  as  much  sunshine  as 
possible?  In  which  positions  will  all  the  rooms  of  a  house  get  the 
more  sunshine,  if  the  house  faces  north,  east,  south,  or  west,  as  is 
usually  the  case,  or  if  the  house  faces  northeast,  southeast,  southwest, 
or  northwest? 

11.  Does  your  city  have  a  great  deal  of  smoke?  What  are  the 
objections  to  it?  Is  any  effort  being  made  to  make  the  amount  of 
smoke  less?    Is  the  effort  succeeding? 

12.  Why  is  it  bad  policy  for  a  community  to  allow  clothing  to  be 
made  in  rooms  in  which  people  live  and  then  to  be  taken  to  stores  to 
be  sold? 

Summary.  —  We  should  make  a  habit  of  the  power  of  observation 
we  have  gained  in  our  study  of  science. 

All  the  people  of  a  community  have  interests  in  common,  and  the 
person  who  has  a  knowledge  of  science  can  give  more  to  the  community 
than  one  who  has  not. 

The  benefits  of  science  to  modern  civilization  are  not  only  new 
tools  and  machines,  but  also  a  new  method  and  point  of  view. 
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TABLE  I.    THE  METRIC  SYSTEM 

1.  Length.    The  unit  of  length  is  the  meter  (39.37  in.). 

10  millimeters  (mm.)  =  l  centimeter  (cm.). 
10  centimeters  =1  decimeter  (dm.). 

10  decimeters  =  1  meter  (m.). 

1,000  meters  =1  kilometer  (km.). 

Note  that  the  prefix  "  milli-  "  means  0.001,  as  mitt =0.001  dollar; 
"  centi- "  means  0.01,  as  cen<= 0.01  dollar;  "  deci- "  means  0.1  as 
di?ne=0.1  dollar.    "  Kilo-  "  means  1,000. 

2.  Square  Measure,  or  Area. 

100  square  millimeters  (sq.  mm.)  =  1  sq.  centimeter  (sq.  cm.) 
100  square  centimeters  =1  sq.  decimeter  (sq.  dm.). 

100  square  decimeters  =  1  sq.  meter  (sq.  m.). 

8.  Cubic  Measure,  or  Volume.    The  imit  of  volume  is  the  liter,  which 
is  1  cu.  dm.,  or  1,000  c.c. 

1,000  cubic  millimeters  (cu.  mm.)  =  l  cubic  centimeter  (c.c). 
1,000  cubic  centimeters  =1  cubic  decimeter  (cu.  dm.). 

1  cubic  decimeter  =1  liter  (1.) 

10  liters  =  1  dekaliter  (dl.). 

10  dekaliters  .   =1  hectoliter  (hi.). 

10  hectoliters  =1  kiloliter  (kl.). 

4.  Weight.    The  gram  is  the  weight  of  1  c.c.  water  at  4°  C. ;  1  liter  of 
water  at  4^  C.  weighs  1  kilogram. 

10  milligrams  (mg.)  ==  1  centigram  (eg.). 

10  centigrams  =1  decigram  (dg.). 

10  decigrams  =  1  gram  (g.). 

1,000  grams  =1  kilogram  (kg.). 

1,000  kilograms  =  1  metric  ton. 
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TABLE  n.    EQUIVALENTS 

1.  Length. 

1  centimeter =0.3937  in. 

1  meter         =39.37  in.  =3.28  ft. 

1  kilometer  =  1,000  m. =0.6214  mile. 

1  inch  =2.54  cm. 

Ifoot  =0.3048  m. 

Imile  =1.6094  km. 

2.  Area. 

1  sq.  cm.         =0.155  sq.  in. 

1  sq.  m.  =  10.764  sq.  ft.  =1.196  sq.  yd. 

100  m.  square  =  10,000  sq.  m.  =  1  hectare  =  2.47  acres. 

1  sq.  km.         =0.385  sq.  mile. 

3.  Volume. 

1  cu.  cm. =0.061  cu.  in. 

1  cu.  m.  =35.315  cu.  ft. 

1  liter      =  1,000  cu.  cm.  =1.0567  qt.  (U.  S.). 

4.  Weight. 

1  gram  =  15.4324  grains. 

1  kilogram  =  1,000  grams  =  2.2046  lb. 

1  metric  ton  =  1,000  kg.  =  2  204.6  lb. 

1  short,  or  net  ton  =2,000  lb.    * 

1  long,  or  gross  ton  =2,240  lb. 

1  grain  =0.0648  gram. 

1  ounce  (avoirdupois)  =28.35  grams. 

1  ounce  (troy)  =31.1  grams. 
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TABLE  III.    DENSITIES  OF  SOME  SUBSTANCES 


Acetic  acid  *  . 
Alcohol  (ethyl)  * 
Aluminum  .  . 
Brass  .  .  . 
Carbolic  acid  . 
Carbon  (chaicoal) 
Carbon  (gas)  . 
Carbon  disulphid 
Chloroform  *  . 
Clay  .... 
Coal  (anthracite) 
Coal  (soft)  .  . 
Copper  .  .  . 
Cork.  .  .  . 
Diamond  .  . 
Ether  *  .  .  . 
Gasoline  .  . 
Glass  .  .  . 
Glycerine  .  . 
Gold  .... 
Hydrochloric  acid 

(cone.)*  .  . 
Ice  .... 
Iodine  .  .  . 
Iron  .... 
Kerosene  .  . 
Lead  .... 
Limestone  .     . 

•At  15'C. 


1.053 

0.794 

2.67 

8.3 

0.95 

1.6 

1.8 

1.27 

1.5 

1.9 
1.26  to  1.8 
1.2  to  1.5 

8.9 

0.24 

3.53 

0.72 

0.67 
2.6  to  3.6 

1.27 
19.3 

1.22 
0.918 
4.95 
7.8 
0.79 
11.35 
3.2 


Magnesium      .     . 
Marble    .... 
Mercury  (at  0°  C.) 
Nickel     .... 
Nitric  acid  (cone.)* 
Oil  (cottonseed) 
Oil  (linseed)     .     . 
Oil  (olive)    .     .     . 
Oil  (turpentine)    . 
Phosphorus  (yellow) 
Platinum 
Potassium 
Sand  (dry) 
Silver 
Sodium   . 
Sulphur  . 
Sulphuric  acid  (cone.) 
Tin     ...     . 
Water  at  0**  C. 
Water  at  4°  C. 
Water  at  100°  C. 
Water  (sea) 
Wood  (hickory,  dry) 
Wood  (maple,  dry)    . 
Wood  (white  oak,  dry) 
Wood     (white    pine, 

dry) 

Zinc 


1.75 
2.7 

13.596 
8.57 
1.42 
0.926 
0.942 
0.918 
0.873 
1.83 

21.5 
0.865 
1.4 

10.57 
0.97 
2.03 
1.854 
7.29 
0.999 
1.000 
0.958 
1.026 
1.00 
0.64 
0.86 

0.42 
6.9  to  7.2 
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TABLE  IV. 


PERCENTAGE  COMPOSITION  OF  FOOD 
MATERIALS 


Food 


Apples  .    . 
Beans  (dry) 
Beef  (round) 
Beef  (sirloin) 
Bread    .    . 
Butter  .    . 
Candy  .    . 
Cheese  .    . 
Chicken     . 
Cornmeal  . 
Eggs      . 
Fish  (sahnon) 
Milk      .     . 
Mutton  (leg) 
Oatmeal     . 
Oysters .     . 
Peanuts 
Pork  (fresh) 
Potatoes  (white) 
Potatoes  (sweet) 
Rice       .... 
Strawberries  .     , 
Sugar    .... 
Tomatoes  .     .     . 
Walnuts  (English) 
Wheat  .... 


Watbs 


83.2 
12.6 
68.2 
60.0 
35.3 
10.5 

3.0 
30.2 
72.2 
15.0 
73.8 
63.6 
87.0 
61.8 

7.6 
87.1 

9.2 
52.0 
78.3 
69.0 
12.0 
90.4 

•  •  •   • 

95.3 

2.8 

10.6 


Pbotbio 


0.2 

23.1 

20.5 

18.5 

9.2 

1.0 

•  •   •   • 

28.3 

24.4 

9.2 

14.9 

21.6 

3.6 

18.3 

15.1 

6.0 

25.8 

16.9 

2.2 

1.3 

8.0 

1.0 

•  •   •   • 

0.8 
16.7 
12.2 


Fat 


0.4 

2.0 

10.1 

20.5 

1.3 

85.0 

•   •   ■  • 

35.5 

2.0 

3.8 

10.5 

13.4 

4.0 

19.0 

7.1 

1.2 

38.6 

30.1 

0.1 

0.6 

2.0 

0.6 

«   •   •   • 

0.4 

64.4 

1.7 


Carbo- 
hydrates 


15.9 
59.2 


53.1 
0.5 

96.5 
1.8 

•  •  •  • 

70.6 


4.7 

•  •   •   • 

68.2 

3.7 

24.4 

•  •  •  • 

18.4 

28.3 

77.0 

7.4 

100.0 

3.2 

14.8 

73.7 


Min- 
erals 


0.3 
3.1 
1.2 
1.0 
1.1 
3.0 
0.5 
4.2 
1.4 
1.4 
0.8 
1.4 
0.7 
0.9 
2.0 
2.0 
2.0 
1.0 
1.0 
0.8 
1.0 
0.6 

•  •  • 

0.3 
1.3 
1.8 


Value  of 
1  Lb.  in 

L.VRGB 

Calories 


315 
1,615 

805 
1,200 
1,215 
3,410 
1,785 
2,070 

540 
1,645 

721 

965 

325 
1,140 
1,850 

230 
2,560 
1,600 

385 

480 
1,700 

180 

1,850 

80 

3,305 

1.750 
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abdomen 

(ab-do'mgn) 

bisulphite 

(bi-sul'fit) 

acetic 

(a-set'ic) 

bituminous 

(bi-tum'i-ntis) 

acetylene 

(a-sgti-len) 

bronchi 

(br6n'ki) 

adenoids 

(ad'e-noid) 

bronchial 

(br6n'ki-ai) 

aeronaut 

(a'6r-5-naut) 

buoyant 

(boi'ant) 

aeroplane 

(a'er-o-plan) 

albumin 

(ai-bu'mTn) 

cactus 

(kak'ttis) 

alga 

(81'ga) 

caisson 

(kft'sSn)' 

alluvial 

(ai-iuM-ai) 

calcium 

(karsi-tim) 

aluminum 

(ai-flm'l-ntiin) 

calorie 

(kai'6-ri) 

ameba 

(a-me'ba) 

calorimeter 

(kai'O-rim'6-tSr) 

andiron 

(and'i'gm) 

calyx 

(ka'llx) 

anemia 

(dr-nfi'ml-a) 

canine 

.  (ka'nin) 

aniline 

(an'I-lin) 

caSon 

(kan'ySn) 

antitoxin 

(an'ti-tox'Tn) 

capillary 

(kap'U-a'r!) 

aorta 

(a^dr'ta) 

carat 

(kar'at) 

aqueduct     . 

(ak'we-dukt) 

carbohydrate 

(kar'bo-hy'drat) 

aqueous 

(ak'w6-us) 

carburetor 

(kar'bu-rgt'gr) 

armature 

(ar'mS^tiur) 

carnivorous 

(kar-nlv'6-rtis) 

arsenate 

(ar's6n-at) 

cartilage 

(kar'ti-laj) 

artery 

(ar't6r-i) 

casein 

(ka'se-ln) 

asbestos 

(as-b68't6s) 

Cassiopeia 

(ka«'i-6-pe'yft) 

assimilation 

(afi-im'i-la'shiSn) 

cellulose 

(s61'fl-lOs) 

auricle 

(or'i-kl) 

Celsius 

(sSl'si-tis) 

avoirdupois 

(av'6r-du-poiz') 

centigrade 

(s6n'tl-grad) 

axil 

(ax'il) 

centimeter 

(sgn'tl-me'tSr) 

centrifugal 

(sgn-trif'a-gal) 

bacilli 

(ba-sll'i) 

cerebellum 

(sgr'6-bgl'um) 

bacteria 

(bak-tg'ri-a) 

cerebrum 

(sgr'e-brfim) 

barometer 

(ba-r6m'e-t5r) 

chandelier 

(shan-dg-lfir') 

biceps 

(bl'sgps) 

chloride 

(klO'rid) 

bicuspid 

(bl-ktis'pid) 

51 

chlorine 
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(kl5'rin) 
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chlorophyll 

(klO'r(Vfll) 

dietetics 

(d!-g-t6t'iks) 

choroid 

(kO'roid) 

dioxide 

(dl-6x'id) 

chrysalis 

(kris'WIs) 

diphtheria 

(dif-the'ri-a) 

chyle 

(kil) 

dirigible 

(dir'i-jib'l) 

chyme 

(klm) 

dynamo 

(di'ni-ra6) 

cilia 

(8il'i-&) 

cinquefoil 

(slok'foil) 

eclipse 

(e-kllps') 

circuit 

(siir'kit) 

effenresce 

(gf-Hr-v^O 

cirrus 

(sir'tis) 

electrolysis 

(e-16k-tr61'i-sl8) 

citric 

(sit'rik) 

electron 

(6-16k'tr6n) 

coagulate 

(k6-ag'Q-lftt) 

embryo 

(6in'bri-5) 

cochineal 

(k6ch'i-nel) 

emulsion 

(e-mfil'slifin) 

cochlea 

(k6k'l6-a) 

enamel 

(6ii-ftin'ei) 

cocoon 

(kO-kooii') 

environment 

(en-vTr'un-iii6nt) 

cohesion 

(k6-h6'8htin) 

epidemic 

(6p'!-d6m'ik) 

composite 

(k6m-p6z1t) 

epidermis 

(6p'I-d8r'mi8) 

conduit 

(kSn'dIt) 

epiglottis 

(6p'i-gl6t'Is) 

conifer 

(kO'ni-f5r) 

esophagus 

(e-s6f'A-gu8) 

constellation 

(kiin'stdl-a'shtin) 

Eustachian 

(yus-tak'I-ftn) 

contagious 

(k6ii-lft'jus) 

experiment 

(eks-pfir'I-mgnt) 

convection 

(k6n-v6k'shuii) 

cornea 

(k5r'n6-&) 

corolla 

(kO-rdl'a) 

Faraday 

(fftr'ft-dfi) 

corpuscle 
cotyledon 
creosote 

(kdr'pusn) 

(kdt'i-lf'diiii) 

(kre'o-sot) 

fibrinogen 

filings 

formaldehyde 

(fi-brln'6-j6n) 

(fil'Iqgs)- 

(fdr-mftl'de-hld) 

crescent 

croquette 

Crustacea 

(krfe'ent) 
(kr6-k6t0 
(krfts-ta'shC-A) 

fossU 
fungi 
fungus 

(f66'il) 

(ftin'jl) 

(ftiq'gtis) 

crystalline 

(kris'tai-in) 

cumulus 

(kti'inu-ltis) 

galaxy 

(gftPftkR-I) 

cuticle 

(kiat'I-kl) 

galena 

(gii-le'nA) 

cyclone 

(8i'kl6n) 

GaUleo 

(gftl'I-16'6) 

• 

Galvani 

(gal'va'ng) 

deciduous 

(de-sld'a-fls) 

galvaniie 

(gftl'vftn-iz) 

decimeter 

(dfs'i-me'tfir) 

gelatine 

(jei'ft-Un) 

dentine 

(d^n'tln) 

germicide 

(j5rm'I-8id) 

diameter 

(dl-ftm'f-tUr) 

glacier 

(glft'shSr) 

diaDhragm 

(dl'ft-frilm) 

glycerine 

(glls'5r-in) 
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hematite 

(h6m'a-tit) 

llama 

(lfih'm&) 

hemoglobin 

(be'raO-glO'bin) 

lunar 

(lu'nAr) 

hemorrhage 

(h6m'6-raj) 

lymph 

(Hmf) 

hepatica 

(he-pfttl-ka) 

hibernate 

(hi'bgr-nat) 

magnesium 

(mftg-nSs'I-ftm) 

horizon 

(h0-ri'z6n) 

manganese 

(m&n'g&n-es) 

hydrochloric 

(hrdrO-klOr'Ik) 

mercerize 

(m6r'cSr-Iz) 

hydrogen 

(hi'drO-ggn) 

meteor 

(me'te-6r) 

hydroxide 

(hi-dr6x1d) 

microbe 

(mI'krOb) 

hygiene 

(hi'jl-en) 

micrococci 

(mrkro-kSk'i) 

• 

millimeter 

(mtl'l-me'ttir) 

igloo 

(Ig'loo) 

monsoon 

(m6n-«oon') 

immune 

(I-mun') 

mucous 

(ma'kOs) 

incandescent 

(in'kftn-dfe'gnt) 

muriatic 

(mar'i-fttlk) 

incisor 

(in-si'sSr) 

incubation 

(In'ku-ba'shtiii) 

neutralize 

(na'trftl-iz) 

inertia 

(In-6r'8hl-a) 

nicotine 

(nik'0-tin) 

inoculation 

(In-6k'u-la'8htin) 

nimbus 

(nim'biis) 

insecticide 

(In-sekt'i-sid) 

nitrogen 

(nl'tr6-j6n) 

insulator 

(in'sa-la'tSr) 

nitrogenous 

(ni-trOj'e-nfis) 

intestine 

(In-tgfi'tin) 

nomadic 

(nO-raftd'Ik) 

iris 

(i'ris) 

nucleus 

(nQ'kl5-tis) 

isinglass 

(I'sTq-glfts) 

isobar 

(I'sO-bar) 

octopus 

(6k't0-pus) 

isolation 

(i'sO-la'shun) 

olfactory 

(61.fftk't0-ri) 

isotherm 

(I'so-thSrm) 

omnivorous 

(6m-nlv'6-rufl) 

opaque 

(5-pak') 

kilometer 

(kil'6-me'tSr) 

organism 

(6r'gftn-l8m) 

kilowatt 

(kU'6-wat) 

Orion 

(6-ri'6n) 

oxide 

(Sx'Id) 

lactic 

(lak'tik) 

oxidize 

(6x'id-Iz) 

la  grippe 

(la  grip') 

oxyhemoglobin 

(6x'I-he'mO-gl6b'in) 

larvae 

(lar've) 

, 

larynx 

(Iftr'iqks) 

palate 

(pai'at) 

leaven 

(16v'6n) 

pancreas 

(p&n'kre-&B) 

legume 

(Igg'ytim) 

pancreatic 

(pan'kre-ftt'ik) 

Leyden 

(li'dfin) 

paraffin 

(par'a-fin) 

lichen 

(ll'kgn) 

Pasteur 

(pas-tar') 

ligament 

(llg'ftrinent) 

pendulum 

(p6n'dQ-liim) 
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pennmbim 

(pe-nttm'bra) 

retort 

(r6-t6rt') 

per  capita 

(p«r  kftp'I-t4) 

rotate 

(rO'ttt) 

perennial 

(pgr-finl-ftl) 

periscope 

(p6r'i-8k0p) 

sal  ammoniac 

(s&l  &m-0n'I-ftk) 

permanganate 

(p6r-m&g'gftn-At) 

salicylic 

(sitl'l-slllk) 

peroxide 

(per-dx'id) 

saliTa 

(s&U'va) 

petiole 

(p6t'Ml) 

saprophyte 

(8ftp'r5-fit) 

petrify 

(pfit'ri-fi) 

saturate 

(8ftt'a-rat) 

pharynx 

(fftr-iqks) 

saut6ing 

(so-ta'ing) 

phenomena 

(fe-n6in'6-ni) 

sclerotic 

(8kl6r-5t'Ik) 

phosphate 

(f6s'fat) 

sebaceous 

(8e-b&'8hQB) 

phosphorescence  (fds'for-^'ens) 

secrete 

(86-kretO 

phosphorus 

(f68'f0r-ti8) 

sepal 

(86'pftl) 

Pisa 

(pe'za) 

silica 

(sU'l-kA) 

plasma 

(plftz'mft) 

Sirius 

(8l'rl-ti8) 

pleurisy 

(plfl'rl-si) 

slaked 

(slAkd) 

pleurococcus 

(plu'r0-k6k'ti8) 

sodium 

(sO'dl-ttm) 

plumule 

(ploo'mul) 

solution 

(sO-lu'shun) 

pneumatic 

(na-mat'ik) 

species 

(spe'shSz) 

Polaris 

(p6-la'rto) 

spectrum 

(spgk'triim) 

polyp 

(p611p) 

spinach 

(splnlj) 

posterior 

(p68'te'ri-5r) 

spontaneous 

(8p5n-t&'nS-d8) 

potassium 

(pO-tAa'i-iim) 

stamen 

(stft'm^n) 

proboscis 

(pr6-b68'is) 

stipule 

(stlp'ul) 

proteid 

(pr6'te-Id) 

stomata 

(8t6'ma.tft) 

protoplasm 

(prO'tO-piazm) 

stratified 

(strat'i-fld) 

ptyalin 

(tra^iin) 

stratus 

(strft'tiSs) 

pulmonary 

(pfil'TnO-nSr-rl) 

sulphuric 

(sm-fOr'Ik) 

pylorus 

(pl-10'rtis) 

pyrometer 

(pi-r6m'e-tSr) 

tangent 

(tftn'jgnt) 

python 

(pl'th6n) 

tantalum 

(tAn'tfirltim) 

• 

tartaric 

(tar-tAr'ik) 

quarantine 

(kwdr'ftn-t6n) 

Taurus 

(tftw'rtis) 

temperature 

(t6m'p6r-i-tiir) 

radiation 

(rft'di-a'shtin) 

thermometer 

(th6r-m6m'6-t5r) 

refrigerator 

(r6-frlj'6r-art«r) 

tornado 

(t6r-na'd5) 

reaervoir 

(rfia'Sr-vwdr) 

Torricelli 

(t5r-rl-tch61'6) 

respiration 

(rSs'pl-ra'shun) 

tourniquet 

(ttir'ni-kgt) 

retina 

(r6t'l-na) 

trachea 

(trftk'S-ft) 

GLOSSARY      . 

tractor 

(trftk'tdr) 

Taccination 

(vftk'si-na'shiin) 

translncent 

(trans-lQs'gnt) 

Tacuum 

(vftk'u-um) 

trichinae 

(tri-kin'6) 

Tentricle 

(v6n'tri-kl) 

tnbercle 

(ta'bgr-kl) 

Tertebra 

(v6r't6-br4) 

tuberculosis 

(ta-biir'ka-lOs'is) 

villi 

(vil'i) 

tungsten 

(tting'stn) 

yitamines 

(vlt'ft-mlns) 

turbine 

(tfir^bin) 

Titreous 

(vit're-iis) 

turpentine 

(tiir'pgn-tin) 

vitriol 

(vit'ri-61) 

tympanic 

(t!m-pftn'ik) 

Volta 

(v61'ta) 

Uranus 

(yU'ra^ntts) 

zenith 

(ze'nlth) 

urea 

(ytl-rt'a) 

zodiac 

(zO'di-ik) 

uric 

(yOr'Ik) 

zoology 

(zO-^l'6-jI) 
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Acids,  191,  195 

citric,  192 

hydrochloric,  193 

lactic,  192 

nitric,  193 

sulphuric,  193,  251 

tartaric,  192 

uric,  483 
Action,  involuntary,  501 

reflex,  601 

voluntary,  500 
Adam's  apple,  487 
Adhesion,  124 

Advantage  from  machines,  326 
Air,  13,  32 

compression  of,  17 

coolmg  of.  16,  17 

heating  ot,  16,  17,  61 

in  motion,  170 

in  weathering,  169 

moisture  in,  57 
Air  brake,  19 
Airplane,  346 
Air  pressure,  21,  24 
Alcohol,  192,  220,  471,  491 
Aldebaran,  100 
Alfalfa,  396 
Alloy,  181 
Alluvial  soil,  172 
Aluminum  bronze,  182 
Amber,  243 
Ameba,  450 
Ammonia,  liquid,  144 
Ammonium  chloride,  254 
Andirons,  62 
Anemia,  210 
Animals^  422,  423 
Anthracite,  186 


Ants,  441 

Aorta,  479 

Arbor  day,  415 

Arc  light,  270 

Armature,  234,  263,  265,  272 

Arteries,  477,  479,  480 

Artesian  wells,  154 

Ashes,  29 

Assimilation,  474 

Atmosphere,  21,  77,  163 

composition  of,  78 
Automobile,  358 
Axe,  326 
Axil  of  leaf,  374 

Backbone,  499 

Backlog,  62 

Bacteria,  41,  222,  223,  381,  415, 

490 
Baking,  214,  217 
Baking  Powder,  218 
Balance,  sense  of,  318 
Baling  press,  339 
Ballast,  117 
Bamboo,  389,  393 
Banana,  402 
Barley,  390 
Barometer,  23 
Bases,  194 
Bathing,  493 
Battery,  255 

storage,  256 
Beasts  of  burden,  425 
Bedrock,  163 
Bees,  440 
Bell,  electric,  262 
Berries,  401 
Biceps,  334,  459 
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Big  trees,  404 
Bird  houses,  437 
Birds,  379,  431 

lungs,  488 
Bituminous  coal,  186 
Blackberry,  402 
Bladder,  483 
Blast  fiumace,  180 
Bleeding,  476,  480 
Blood,  474 

pressure,  25 

vessels,  477 
Blotter,  125 
Blubber,  301 
Blushing,  501 
Boat,  sailj  343 

submarine,  19,  281 
Body  heat,  73 

temperature,  53 
Boiling,  of  food,  216 

of  water,  143 

point,  69 
Boll  weevil,  441 
Bones,  452,  458 
Botany,  366 
Brain,  496 
Branches,  406 
Brass.  182 
Bread,  393 

Breathing,  49,  52,  58,  485 
Brick,  186 
Brimstone,  136 
British  thermal  unit,  72 
Broiling,  217 
Bronchial  tubes,  487 
Bronze,  182 
Buds,  375 
Buffalo,  382 
Bulb,  of  brain,  498 

electric,  269 

incandescent,  269 
Bunsen  burner,  303 
Burner,  Bunsen,  303 
Burning,  48 

experiments  with,  29 

explanation  of,  32 

^ass,  286 


Cabbage,  purple,  195 
Caisson,  19 
Calcium,  210 

carbonate,  48 

phosphate,  138 
CaUus,  492 
Calorie,  72 
Camera,  photographic,  288 

pinhole,  287 
Camphor,  413 
Canals,  174 
Candle,  30,  38,  301 

power,  284 
Candling  of  eggs,  433 
Canning,  metnoas  of,  224,  225 

factory,  227 
Capillaries,  477,  479,  481 
Capillary  action,  125 
Carat,  183 

Carbohydrate,  207,  372 
Carbon,  39,  42 

burning  of,  43 
Carbon  dioxide,  42,  44,  78,  192, 

220,  372. 
Carburetor,  359 
Care  of  body,  461 
Cartilage,  454 
Cartridge,  356 
Cassiopeia,  100 
Cast  iron,  181 
Cat,  436,  456 
"CaterpiUar",  361 
Caterpillars,  439 
CeU,  dry,  254 

simple  electric,  251 
Cells,  Uving,  365,  370,  422,  450, 

472 
Cellulose,  414 
Centerboard,  345 
Center  of  gravity,  118 
Centigrade,  69 
Central  nervous  system,  500 
Centrifugal  force,  122,  353 
Cerebellum,  498 
Cerebrum,  498 
Chaff,  388 
Charcoal,  42 
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Charge,  electric,  245 

negative  and  positive,  247 
Charring,  42 
Chemical  change,  128 

energy,  294,  372 

power  of  light,  272 
Chickens,  432 
Chills,  493 
Chlorine,  136 
Chlorophyll,  371 
Chrysalis,  439,  440 
Chyle,  470 
Chyme,  469 
Cilia,  486 
Cirrus  cloud,  81 
Citrous  fruits,  402 
Clay,  72 
Cleaning,  198 
Climate,  77*,  147 
Climbing  plants^  373 
Clothing,  materials,  198 

tight,  491 
Clouds,  79,  81 
Clover.  396 
Coagulation,  477 
Coal,  184,  271 
Cocoon,  440 
Cohesion,  124 
Coke,  43 

Cold  frame,  293,  372 
Colds,  491 
Collecting  air,  14 
Color,  292 
Columbus,  4 
Combustion,  33 

spontaneous,  40 
Comets,  109 
Community  life,  509 
Compass,  mariner's,  234 

needle,  235 

pocket,  233 
Compound,  130 
Compressed  air,  18 
Compression  pump,  18 
Concrete,  187 
Conduction  of  heat,  63 
Conductor,  257,  268 
Conduits,  257 


Cone-bearing  plants,  382 
Connective  tissue,  431,  453,  459, 

487,  492 
Constellation,  98,  99 
Convection,  64 
Cooking,  214 
Copper,  182 

alloys,  182 

sulphide,  137 
Core  of  earth,  163 
Cork,  413 
Com,  388,  390 
Corpuscles,  452,  475,  482 
Cotton,  199,  399 

gin,  399 
Cottonseed  oil,  399 
Cotyledons,  368,  408 
Cows,  428 
Crane,  62,  261,  336 
Cream  separator,  352 
Creosote,  223 
Crops,  174,  176 
Crossbreeding,  419 
Cross  section  of  tree,  407 
Crowbar,  326  • 

Crust  of  earth,  163 
CrystaUine  lens,  287,  294 
Cultivating,  173 
Currents,  electric,  249 
Cyclone,  86 

Dairying,  175 

Damper,  62 

Dandelions,  417 

Day,  95 

Decay,  40,  41,  49 

Deciduous,  413 

Declination  of  compass,  240 

Degree  of  heat,  71 

Density,  115 

Dermis,  431,  492 

Derrick,  336 

Developing,  289 

Dew  and  aew  point,  78 

Diamond,  184 

Diaphragm,  457 

Dietetics,  471 

Digestion,  214,  463 
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Dipper,  98 

Discharge,  electric,  246 

Distances  of  stars,  100 

Distillation,  159 

Diving  bell,  19 

Dog,  425 

Domestic  animals,  423 

Drops  of  liquid,  124 

Dry  cell,  254 

Dry  cleaning,  204 

Drying  food,  222 

Dust,  78 

Dynamo,  250,  271,  272,  323,  350 

Ear,  315 
Earth,  95,  105 

shine,  109 
Earthworm,  485 
Echo,  318 
Eclipse,  4,  282,  283 
Egg,  117,  379 
Electric  bell,  262 

bulb,  269 

charges,  245 

currents,  249 

flatiron,  267 

magic,  243 

meter,  306 

motor,  274 

power,  271 

telegraph,  264 

washer,  355 
Electricity;,  4,  244 
Electrolysis,  129 
Electromagnet,  260,  272 
Electroplating,  266 
Element,  130 
Emulsion,  202,  442,  470 
Enemies  of  trees,  414 
Energy,  112,  121,  206,  256,  271, 
274,  325 

chemical,  294 

muscular,  245 

of  plants,  366 
Engine,  gasoline,  360 

steam,  357 
Epidermis,  431,  492 

of  leaf,  370 


Epiglottis,  487 
Erosion,  167 
Esophagus,  467,  487 
Evaporation,  144 
Evergreens,  413 
Excretion,  483 
Exercise,  491 
Experiment,  6 
Eye,  294 
glasses,  287 

Fabrics,  398 

Fahrenheit,  68 

Faraday,  272 

Far  sight,  296 

Fats,  208,  399 

Fatty  tissue,  431 

Faucets,  155 

Feather,  431  , 

Fermentation,  191 

Ferments,  464,  468 

Ferns,  382 

Fertility  of  soil,  175 

Fertilization,  379 

Fertilizers,  176 

Fibrin,  477 

Field,  magnetic,  238,  262 

Film,  photographic,  287,  289 

Filter,  159 

Fire,  26,  27,  28 

engine,  47 
Fireless  cooker,  76 
Fireplaces,  61 
Fishes,  437 
Fixed  stars,  99 
Flamte,  28,  33 
Flashlight,  254 
Flatiron,  electric,  267 
Flax,  199,  399 
Flint  and  steel,  27 
Flowers,  377 
Fly,  443 

trap,  443 
Focus,  286,  289 
Fog,  80,  357 
Food,  206,  214 

of  plants,  366 

preserving  of,  222 
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Force,  112,  120, 
centrifugal,  353 
in  water  surface,  123 

Forearm,  334 

Fore  stick,  62 

Fossils,  165.  243,  422 

Frame,  cold,  293, 372 

Franklin,  Benjan,  4,  5 

Freckles,  492 

Freezing  point,  69 

Frtction,  121,  339 

Frost,  78 

Fruit,  401 

Frying,  217 

Fuel,  134 

Fulcrum,  331 

Fungi,  381 

Furnaces,  64,  05,  00 

Fuse  box,  303 
plug,  304 

Gale,  85 
GalUeo,  22,  68 
Galvani,  251 
Gases,  expanding,  356 
Gas  stove,  303 

meter,  304 

natural,  302 
Gasoline,  204,  302 

engine,  360 
Gastric  juice,  468 
German  silver,  182 
Germination,  368 
Germs,  300,  490 
Gills,  485 
Glaciers,  171 
Glands,  463 

sweat,  492 
Glass,  300 

burning,  286 
Gluten,  209,  394 
Glycerine,  204 
Gold,  182 
Graham  flour,  394 
Grand  Cafion,  149 
Granite,  167,  186 
Grape  juice,  192 
Grass,  387 


Grate,  62 
Gravel,  172 

Gravitation  and  gravity,  113 
Great  Bear,  99 
Gross  weight,  15 
Ground  glass,  20 
Growth,  206 
substances,  398 

Habits,  503 
Hail,  81 
Hkir,  492 

Hammer,  pneumatic,  19 
Hard  water,  160 
Hardwood,  412 
Hearing,  315,  499 
Heart,  477 

wood,  409 
Heat,  28.  71 

from  electricity,  267 

capacity,  147 
Heating,  61 
Heavenly  bodies,  95 
Hematite,  179 
Hemoglolnn,  475 
Hemorrhage,  25 
Hemp,  399,  400 
Horizon,  97 
Horse,  425,  426 
Howe,  Elias,  352 
Human  body,  449 
Hurricane,  85,  87 
Hydrochloric  acid,  45 
Hydrogen,  129,  252 

burning  of,  133 

in  fuels,  134 

preparation  of,  130 

properties  of,  132 
Hydrogen  peroxide,  37 
Hydroplane,  348 

Ice,  144,  170 

cream,  145 

sheets,  171 
Illuminated  bodies,  277 
Inclined  plane,  327,  347 
Incubator,  433 
Indirect  lighting,  309 
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Inertia,  119,  122,  344 
Insecticides,  442 
Insects,  379,  415,  438 
Insulation,  253,  257,  262 
Intelligence,  499 
Intestines,  469 
Invertebrates,  450 
Involuntary  action,  50fl 
Iron,  39,  179,  210 

cast,  181 

oxide,  39,  41 

wrought,  181 
Irrigation,  173 
Isobars,  90 
Isotherms,  90 

Joints,  455 
Jud^ent,  499 
Jupiter,  105 

Keel,  344 
Kerosene,  301 
Kidneys,  483 
Kilowatt-hour,  306 
Kindling  temperature,  28,  34 
Kite,  346 

Lamp,  kerosene,  302 

Land  breeze,  85 

Larva,  439,  440 

Larynx,  487 

Lava,  167 

Law  of  machines,  329 

Lead,  39,  181 

Leather,  413,  430 

Leavening,  218 

Leaves,  369,  372 

Legume,  395 

Leguminous  plants,  395 

Lens,  286,  287 
crystalline,  287,  294 

Lever,  331 

Lichens,  195 

Lift  pump,  156 

Ligaments,  294,  456,  460 

Light,  28,  277,  279 
bent  by  water,  285 
effect  of  distance,  283 


rays,  277 

waves,  279 
Lighting,  indirect,  309 
Lightning,  4,  248 

rod,  248 
Lime,  194 
Limestone,  48,  186 
Limewater,  194 
Linen,  399 
Linseed  oil,  40 
Litmus,  195 
Liver,  470 
Llama,  426 
Lodestone,  235 
Lucerne,  396 
Lumber  mill,  410 

quarter  sawed,  412 
Lungs,  485,  487,  488 
Lye,  203 
Lymph,  482 

Macaroni,  394 
Machines,  great,  343 

law  of,  329 

sewing,  340 

simple,  325,  331 
Magic,  electric,  243 
Magnet,  233,  234,  322 

electro,  260 

from  current,  253 

temporary,  237,  238,  262,  272 

the  earth  a,  239,  240 
Magnetic  field,  238,  262 

poles,  236,  239,  240 
Magnetize,  253 
Malaria,  445 
Mammoth,  423 
Manganese  dioxide,  36,  37 
Mantle  rock,  163 
Maple  syrup,  386,  410,  413 
Marble,  44,  186 
Mars,  106 
Matches,  138 
Meat,  427 
Melting  ice,  72 
Membrane,  mucous.  486 
Mercury,  18,  23,  105 
Metals,  178 
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Meteors,  109 
Meter,  electric,  306 

^as,  304 
Microscope,  370 
Milk,  192,  428,  469 
Milky  way,  100 
Mills,  271 
Mind,  496 
Minerals.  17S 

in  fooos,  210 
Mirrors,  280,  284 
Mixtures,  130 
Monsoons,  85 
Moon,  4,  107,  278 

eclipse  of,  283 
Morse,  Samuel  F.  B.,  265 
Mortar,  187 
Mosquitoes,  444 
Mosses,  382 

Motor,  electric,  274,  323,  355 
Mouth,  464 

Mucous  membrane,  486 
Mucus,  486 
Muscles,  458,  493 

fibres  of,  215 

of  eye,  294 
Muscular  energy,  245 
Musical  instruments,  320 

Nails,  493 
Near  sight,  296 
Needle^  compass,  235 

dippmg,  241 
Neptune,  105 
Nerve.  454 

liuditory,  318 

cells,  472,  497 

optic,  295 
Nervous  system,  492,  496 
Net  weight,  15 
Neutrahze,  196 
Newton,  Sir  Isaac,  112 
Niagara  Falls,  164 
Nichrome,  269 
Nimbus,  81 
Nitrogen,  32,  270,  396 
Noise  and  tone,  319 
Nomadic  tribes,  424 


Nonconductor,  74,  257 
North  star,  99 
Nose  and  breathing,  487 
Nutrition,  367 

Oats,  390 

Olfactory  cells,  505 
Opcuque  body,  278 
Optic  nerve,  295 
Orange,  387 
Ores,  178 

Organic  substances,  178 
Organs,  of  plant,  367 

of  reproduction,  378 
Orion,  100 
Outcrop,  164 
0x^425 
Oxidation,  39 

Oxygen,  32,  36,  38,  129,  372 
Oxyhemoglobin,  476 

Pain,  500 

Paint,  hardening  of,  39 
Pancreas,  470 
Paper.  413 
Parasite,  216,  416 
Patent  medicine,  472 
Peanut,  396 
Peat.  186 
Penaulum,  119 
Penumbra,  282 
Periscope,  281 
Perspiration,  74,  492 
Petroleum.  301 
Pharynx,  466,  487 
Phenomenon,  5 
Phosphorus,  31,  127 
Physical  change,  128 
Pickling,  223 
Piston,  156,  349,  357 
Pitch,  of  sound,  489 
Planets,  104,  123 
Planting  for  beauty,  417 
Plants,  365,  386, 

as  food,  212 

climbing,  373 

leguminous,  395 

organs  of,  367 
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Plasma,  475 
Plating,  copper,  266 

silver,  266,  267 
Pleiades,  100 
Pleurisy,  488 
Plow,  173 
Plumbing,  154 
Plumb  line,  114 
Pneumatic  hammer,  19 
Poles,  of  battery,  129 

of  magnet,  236,  239 
Pons,  498 
Popgun, 17 
Positive  charge,  247 
Potassium  chlorate,  36 

hydroxide,  194 
Potato,  375 
Power,  electric,  271 

water,  271,  273 
Preservatives,  228 
Preserving  food,  222 
Press,  balmg,  339 
Pressure,  of  atmosphere,  21 

of  steam,  357 

of  water,  350 
Prism,  291 
Properties,  127 
Protection  of  birds  434 
Proteids,  468 
Protoplasm,  452 
Ptyahn,  464 
Pulley,  325,  334 
Pumice,  167 
Pump,  156 

compression,  18 

force,  157 

Uft,  156 

Quality  of  voice,  489 
Quarter  sawing,  412 

Radiation,  63 
Rain.  81 
Rainbow,  292 
Rainfall,  82 
Rain  gauge,  82 
Raspberry,  401 
Rays,  heat,  293 
light,  294 


Reflex  action,  501 
Refrigeration,  428 
Repair,  206 
Reproduction,  367,  378 
Reservoirs,  174 
Resistance,  121 

electric,  268,  269 
Respiration,  53,  485,  490 
Retina,  287,  295 
Rice,  391 
Rocks,  163 
Roots^  376 

Rotation  of  crops,  176 
Rubber,  413 
Rusting,  40 
Rye,  390,  394 

Safety  match,  139 
Sailboat,  343 
Sal  ammoniac,  254 
Saliva,  464,  506 
Salt.  134,  196,  196 
Salting,  223 
Saltpeter,  224 
Sand,  160,  172 

blast,  20 

stone,  186 
Sapwood,  409 
Saturn,  105 
Scales,  laboratory,  15 
Scattering  of  seeds,  379 
Science,  3,  4,  7,  508 

at  home,  191 
Scientific,  6 
Screw,  338 
Sea  breeze,  85 
Secretion,  482 
Seed  cake,  399 
Seedling,  368 
Seeds,  368,  378 

scattering  of,  379 
Selection,  419 
Self  control,  503 
Self-luminous  body,  277 
Self-pollination,  419 
Senses,  496,  504 
Separator,  cream,  or  dairy,  122, 

352 


INDEX 


531 


Sewerage,  152 

Sewing  machine,  340,  352 

Shadow,  281 

Shooting  stars,  110 

Sight,  nerve  of,  499 

organ  of,  294 
Silk,  199,  200 
SUt,  172 
Silver,  182 
Simple  ceU,  251 
Skeleton,  450 

of  cat,,  456 
Skin,  483,  485,  491,  493 
Skull,  498 
Sky,  96 
Slag,  180 
Slaked  lime,  194 
Smell,  504,  505 
Smelter,  179 
Smoke,  28 
Smoked  meat,  223 
Smoking,  491 
Snow,  81 

flakes,  82 
Soap,  202 
Soda  water,  46 
Sodium,  136 

chloride,  136 

hydroxide,  194 
Softwood,  412 
Soil,  163 

alluvial,  172 

formation  of,  171 

structure  of,  172 
Solar  spectrum,  291 

system,  105 
Solvent,  142 
Sorghum,  389 
Sound,  313,  315,  489 
Spectrum,  solar,  291 
Spinal  column,  499 

cord,  499 
Spontaneous  combustion,  40 
Spraying,  442 
Springs,  154 
Star  map,  102,  103 
Starch,  209 


Steam,  143,  356,  357 

engine,  357 
Steaming,  216 
Steel,  181 
Stem,  374,  407 
Stomach,  467 
Stomata,  371 
Stones,  for  building,  186 

precious,  184 
Storms,  86 
Stove,  62 

electric,  267 

gas,  303 
Stratified,  164 
Stratus,  cloud,  81 
Straw,  399,  401 

Strawberry,  387,  401 
Submarine,  19,  281 
Substances,  127 
Sugar,  192,  464 

cane,  389,  392 

in  preserving  food,  224 
Sulphur.  30,  38,  136 

dioxide,  38,  137 
Sulphuric  acid,  251 
Sun,  104 
Sundew,  365 
Sunlight,  278 

color  of,  290 
Sunrise  and  sunset,  98 
Sunspots,  105 
Swallowing,  466 
Sweat,  75 

glands,  492 
Sympathetic  system,  500,  501 

Tan,  492 
Tangent,  122 
'Tank,"  361 
Taste,  504,  506 
Teeter,  328 
Teeth,  464 
Telegraph,  264 
Telephone,  255,  322 

string,  314 
Temperature,  67,  71,  492 
Temporary  magnet,    237,    238, 
262,  272 
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Tendons,  460 

Tendrils,  374 

Thermometer,  68 

Thoroughbred,  430 

Throat,  317 

Thunderstorms,  87 

Tight  clothing,  491 

Tilling  soil,  173 

Tinder,  27 

Tobacco,  491 

Tongue,  464 

Tornado,  85,  87 

Torricelli,  22 

Touch,  492,  493,  504 

Tourniquet,  481 

Trachea,  487 

Tractor,  173 

Translucent  body,  278 

Transparent  body,  278 

Trap,  plumbing,  155 
for  flies,  443 
for  sunlight,  293 

Trees,  404 

Trolley  car,  274 

Tubercles,  397 

Tuberculosis,  54 

Tungsten  lamp,  270 

Turbines,  350 

Turkeys,  432 

Turpentine,  40,  413 

Umbra,  282 
Uranus,  105 
Urea,  483 
Uric  acid,  483 

Vacuum,  23,  270,  315 

cleaner,  354 
Vane,  349 
Vegetables,  398 
Veins,  477,  479,  480 
Velocity,  of  light,  279 

of  sound,  315 
Ventilation,  53,  55 


Venus,  105 
Venus's  flytrap,  366 
Vertebrates,  450 
Villi,  470 
Vinegar,  191,  223 
Vitamines,  398 
Vocal  cords,  314,  489 
Voice,  320,  489 
Volta,  251 
Voluntary  action,  501 

Washer,  electric,  355 

Washing,  198,  201 

Water,  78,  141,  163,  170,  2U 

and  earth's  surface,  148 

dangers  in,  157 

distillation  of,  159 

drinking,  158 

effect  on  climate,  147 

falls,  271 

hard,  160 
Water, 

power,  271,  273 

purification  of,  160 

supply,  152 

wheels,  271,  351 
Waves,  of  light,  279 

of  sound,  315 
Weather,  77 
Weathering,  167 
Weather  maps,  88,  89,  90 
Wedge,  326,  337 
Weeds,  416 
Weight,  113 

of  air,  15,  16 
WeUs,  153 

artesian,  154 
Westerlies,  85 
Wheat,  389,  393 
Wheel,  and  axle,  335 

water,  271 

Wheelbarrow,  332 
Wild  flowers,  382 
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Wm,  503 
Winch,  336 
Wind,  84,  172 
Windlass,  336 
Windmills,  348 
Windpipe,  466 
Wine,  192 
Wood,  411,  412 
Wool,  74,  199,  200 


Wrought  Iron,  181 

Yeast,  192,  219 

in  br^ad-making,  220 
Yellow  fever,  445 

Zenith,  97 
Zeppelin,  347 
Zodiac,  104 
Zoology,  423 
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